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CHAPTER - I 
I N T R O D U C T I O N 
1.1 GENERAL STATEMET : 
Man and his environment are closely inter-dependent. 
Rise in population are putting heavy demand on the deplating 
natural resources. A very important resource, the agriculture, 
depends almost entirely upon the quality of soil. 
The word 'soil' means different things to different 
people. To a farmer it is the material on which plants grow, 
to an engineer it is the material that supports the structures 
and highways he builds and to a geologist or prospector it is 
the material that covers the bedrock and may be an overburden 
to be removed, penetrated or interpreted in* terms of the und-
erlying rock or mineral deposits. 
Since there is an increasing demand on the physical 
resources all over the world, there is a need for proper 
utilization and management of these resources. In this context 
proper utilization of soils has become necessary for various 
purposes, mainly, agricultural. The rise of pollution in soils 
is another problem that needs urgent and proper remedy. 
For comprehensive understanding of soils it is nece-
ssary to study their genesis, mineralogy, clicmistry, weathering, 
accumulation, and environment. It is also important to study 
the distribution, redistribution and fixation of soluble salts, 
metals, colloids, etc, in the soils. Another aspect is the 
study of salt-efflorescence. The mineral-element, organism 
matter and salt-moisture relations in the soils constitute 
their topogeochemical nature as related to climate and hydro-
geology at the time of formation. The remote sensing techni-
ques are very useful in delineating the agriculturable and 
waste-land areas. 
About 37.55% of India's population, and of this, about 
66.52% of its working population, is dependent on the agricul-
ture. Of the total land area about 46.89% is under cultiva-
tion, 16.79% is the waste-land and the rest is non-agriculturable. 
1.2 SOIL STUDIES IN HISTORICAL PERSPECTIVE : 
A look at the historical past reveals that civiliaa-
tions have depended heavily upon the quality of soils of the 
region where they flourished. The ancient dynasties of the 
Nile, were made possible by the food-producing quality of the 
fertile soils brought-down by the river and the irrigation 
system developed. Likewise, the river valley soils of the 
Tigris and the Euphrates in Mesopotania and of the Indus, 
Yangtze and Hwang Ho in India and China, were the habitats for 
flourishing civilizations (Brady, 1984). The downfall of the 
civilizations is closely linked with the deterioration and 
mismanagement of soils of some of these regions. The lateri-
tic soils of Khmer were rapidly degraded due to deforestation. 
At other places excessive felling of trees in the watersheds 
of rivers speeded up erosion and loss of top soils. In the 
Euphrates and "Tigris Valleys, the elaborate irrigation and 
drainage systems were not maintained properly which resulted 
in the accumulation of harmful salts, thereby, once productive 
soils became barren and useless. 
Barron Berthollet, a doyen of French sciences, accom-
panied Napoleon on his Egyptain expedition towards the end of 
19th century. He was struck by the fact that solid sodium 
carbonate occurred on the banks of river Nile. Berthollet 
believed that the deposit was formed from calcicum carbonate 
present in the soil. This hypothesis was favoured by Hilgard 
and his colleagues (1906) in the U.S.A., and Vasily Vasilyevich 
Dokuchayev (1898) and Konstantin Dmitriyevich Glinka (1927) 
in the U.S.S.R. 
The salinisation and alkalinization of soils is so 
widespread that it is regarded as a universal phenomenon among 
the normal (zonal) soils of arid regions of the earth. It is 
estimated that about 39% of the worlds dry land area is covered 
by saline-alkaline soils. In Asia, these soils are widespread 
in the eastern and western Siberia, Mongoliei, Manchuria, Persia, 
Afghanistan and Pakistan, apart from India. They are also dis-
tributed in the eastern part of Trans - Caucasia, Rumania, 
Hungary, U.K., South-Eastern France, Australia, Western America, 
some provinces of Canada and in the North-Eastern, Central and 
South Africa. 
In India, the saline and alkaline soils, referred to 
as 'Usar', 'Reh' or 'Kallar', are distributed as follows (Map 1) 
1. The coastal salt flats along the Runn of Kutch. 
2. The states of Rajasthan and Madhya Pradesh. 
3. The saline marshes of the sea coast and the deltas 
of Ganga.Cauvery and Mahanadi. 
4. The uplands of Deccan Plateau between Godaveri, 
Tapti and Bhima rivers. 
5. The valleys and basins of western India. 
6. The Indus valley. 
A survey was conducted by the Ministery of Food and 
Agriculture in 1961 to demarcate waste-lands in India with a 
vicvrf to undertake reclamative measures. Later on, studies on 
the waste-land areas of India and, specifically, the Indogan-
getic region, was undertaken by Shafi (1968), Singh (1978), 
Uppal (1961), Kanwar (1962) and Agarwal and Yadav (1968). As 
early as 1879, a Reh Committee of United Provinces of Agra and 
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Oudh was set-up followed by Usar Land Reclamation Committee 
in 1909 to suggest measures for reclaiming the affected soils. 
Their investigations centred on Usar land identification, dia-
gnosis and causes of deterioration of soil fertility {reh 
formation) in different areas. Raychaudhari (1952 and 1974) 
surveyd the soils of India and suggested methods for extension 
of cultivated areas for agriculture. The Indian Council of 
Agricultural Research (1958) suggested soil conservation 
through a scientific reclamation of waste-lands. Kanwar (1961) 
and Bhattacharya (1964) suggested measures for soil conservation 
and fertility, 
Yadav (1985) prepared a case study on Sultanpur dis-
trict. Some reports and publications were brought out by 
Sharda Sahayak Command Area Development Authority and The 
Indian Council of Agricultural Research (1986) on the soils 
of Sultanpur district. 
1.3 SCOPE OF PRESENT WJRK : 
A research programme was drawn to include study of 
the reh and other affected soil of Ganga-Yamuna doab in parts 
of Indo-Gangetic plain. Since the area around Amethi (Sultan-
pur District) had a highly degraded soil (Plato I) it merited 
a detailed investigation. The study is mainly on the 'geo-
clicmical aspects' of the soils around Amethi. 
PLATE I 
A large patch of salt-affected land near 
Parsawan village, Amethi 
8 
The field work was carried-out during the month 
of October, 1986, and subsequently on several occasions 
at interval. The samples of soil were collected from 
19 locations selected on the basis of grid pattern as 
well as visual variations. 
The laboratory investigations were carried-out at 
Aligarh Muslim University, Aligarh, in the laboratories 
of the Department of Geology and at the Remote Sensing 
Applications Centre for Resource Evaluation and Geoengin-
eering (RSACREG). 
Thematic maps representing chemical properties of 
soils of Amethi, were prepared using HCL 'Workhorse-II' 
system, installed at the District Data Base, Sultanpur. 
1.4 GEOGRAPHICAL SET-UP OF STUDY AREA : 
1.4.1 Location : 
Amethi area forms one of the 22 development blocks 
of Sultanpur district {Faizabad division), eastern Uttar 
Pradesh. It is located between lat 26 04'00" and to 
26°13'45" and long 81°40'30" to 81°51'45"E (Map 2). It 
covers an area of about 155.3 sq. km, which is mostly, rural 
agricultural except for 4.8 sq.km. which is the town area. 
Under this fall the five Niay-Panchayats and 86 revenue 
villages (see appendix 1), 

/<7 
1.4.2 Eommunication s 
Amethi is connected through railways with Partap-
garh,Varanasi and Rai Bareli (Map 3). A pucca road links 
it with Sultanpur and Rai Bareli via Gauriganj. Other 
pucca roads connect it with Musafirkhana, Durgapur, Kakwa, 
Antu, Sangrampur, and Rajapur. 
1.4.3 Topography : 
The area has a gentle slope from north-west to 
south-east and is all plane except for a few ravines of 
the tributaries which feed the Sai River-. The drainage is 
poor resulting in the development of jhils due to which 
some inhomogeneity is developed in an otherwise monotonous 
landscape. 
The average elevation of the region is 102 m above 
MSL. The north-western portion, with an elevation of 104 m 
above MSL, represents the highest elevation. The lowest 
elevation being 100 m above MSL along the nalas and in 
southern and south-eastern part (Map 4). 
1.4.4 Drainage and Irrigation : 
There are a number of nalas which meet with the 
river Sai which flows through Partapgarh district in the 
south (Map-4). The drainage pattern is on the whole, 
dentritic. 
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The main nalas (streams) of the region are Maharaj-
pur,Amethi, Naiya and Gulalpur which divide Amethi block 
from Bhetua block. The Amethi nala flows towards Chamraura 
river in the east, which is a tributary of Sai river. 
There are a number of lakes like, Samda, Kundwa, 
Narayan, Bikhlal ka Purwa tal, etc. 
The main source of irrigation is through the Sharda 
canal system of which Amethi and Jais distributories are 
important (Map 3). The total length of canals in the Amethi 
block is 117.10 km. 
1.4.5 Climate : 
The climate of the area is semi-arid with wide 
seasonal fluctuations of temperature and rainfall due to 
wind reversals. From November to May winds flow from the 
west and from June to October from the east through the 
oceans bringing in monsoon. 
a) Temperature : The minimum temperature is recorded at 
3 to 4 C during the winter months of December and January 
and the maximum is recorded at 44 to 45 C during the 
summer months of May and June. 
1^ 
b) Pressure and winds : The pressure during the months 
of June, July and August is around ^85 millibars which 
rises to 1,004 millibars when the temperature is very 
low. A shallow cell of high pressure with seaward gra-
dient develops in the winter months which is reversed 
landward during the summer. 
c) Moisture and Humidity : The winds are dry during the 
months of March to May and humid from June to September. 
d) Rainfall : Over 90% of the maximum annual rainfall is 
received from mid-June to mid-October . The rainfall is 
very scanty and sporadic from mid October to mid June. 
The average rainfall of Amethi for the last 10 years is 
1032.78 millimeters. 
15 
CHAPTER - I I 
G????§i§i^PL9t^§§in?ATI0N_0F_S0IL 
2.1 GENERAL STATEMENT 
Soil has been defined as "a natural body of meneral 
and organic constituents, differentiated into horizons, of 
variable depth -s'hich differs from the material below in mor-
phology, physical make-up, chemical properties and biological 
chGractoristics" (Joffe, 1949). 
The unique characteristics of the soil is the laye-
red arrangement of its constituents, bringing about variation 
in properties. Soils are related to px'esont day surface envi-
ronment. The most important process in the formation of soils 
is weathering, though., biological activity figures prominently 
too. During the process of weathering, rock decomposition and 
soil formation merge indistinguisliably into one another. The 
formation of soil m.ay, therefore, lie considered as an .^'dvanccd 
stage of v>'cathcring . 
2.2 FACTORS IN SOIL FORMATION 
The form.ation and typo of soil depends upon five major 
factors. (Fig.l). The relative ro]e of these factors l-.avc boon 
di.scusscd by various nci"! geneticists r.^ ght from Dokuchaev to 
thiO i;rcscnt dav. 
16 
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The five soil forrning factors are as follows :-
1) Climate 
2) Living organisms 
a. Fauna 
b. Flora 
3) Parent material 
a. Texture and structure 
b. Chemical and mineralogical composition 
4) Relief (Topography) 
a. Elevation 
b. Depth to water table 
5) Time 
The degree of influence exerted by each of those 
factors individually and in various combinations make an inte-
resting study in the genesis of soils and their profiles, 
2.2.1 Climate 
The evolution of soil profile is related to climate 
of which rainfall and temperature are the main elements. They 
control the stylo and rate of cliomical and physica] processes 
of weathering. Some parts of the rain woter is cither rteta-
ined by the soil particles or moves upward through cvapotrans-
piration by plants. But a large part of it percolates through 
the profile carrying v/ithit soluble and colloidal matter. 
Consequently, the soils arc more alkaline in the arid climate 
t8 
(less percolation) and acidic in the humid climate. Excess 
rainfall, generally, raises the concentration of hydrogen 
ion, nitrogen, carbon and clay and decreases pH and exchan-
geable bases of the soils. 
The temperature, regraded as an independent factor 
by Jenny (1941), raises steeply the rate of chemical reaction, 
Also, the biochemical activity is very sensitive to tempera-
ture variation. 
The moisture, if present in excess amount, reduces 
the leaching of the soil. The upward movement of water-
•soluble salts through capillary action, also transport collo-
idal and dissolved matter to higher levels. Subsequently, on 
coagulation and deposition, they form a concretionary harizon, 
In arid to semi-arid areas, too, leaching is incomplete v;hich 
results in the development of alkaline soils. In tropical 
areas the rate of weathering (and leaching) is three times 
faster than that in temperate regions and nine times faster 
than that in .the arctic (Jenny, 1941), 
2.2.2. Organic (Biologic) Activity 
VJarm climate favours the activity of micro-organisms 
which decompose plant debris without accumulating humus, ins-
tead, producing organic acids. The maximum accumulation of 
humus can take place in cool climates only. 
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Deep-rooted plants too help transfer elements to top 
soils when they die or shed leaves. 
2.2.3. Nature of Parent Material 
The type of soil is, generally, related to parent 
rock composition (chemical and mineralogical), their textures 
and structures. These influence the rate of weathering and 
partially control the natural vegetation. Soil development is 
rapid in permeable or easily decomposed rocks. The parent 
material comprise: 
a. Igneous, matamoi-phic or sedimentary rocks (bed rock) 
b. Transported material 
c. Organic matter. 
The resistant mineral assomblagcs and the mechanicaJ 
composition of the soils are diagnostic of their provcnacc. 
The clay mineral assemblage is related to mineralogy of the 
parent material. The type and concentration of trace elements 
may also provide clue about their provenance. 
2.2.4 Relief (Topography) 
The influence of topography on the drainage, erosion 
and V7ater table is very important. In areas of moderate tc high 
relief, horizons A and E are strongly developed. The terrain in 
low-lying areas, may bo saturated V7ith water. A close relation-
ship exists betv^ ecn the slope angle, drainage system and tlie 
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rate of erosion. The soils develop shallow profiles on steep 
slopes. On 25 to 40 percent slopes, the A and C horizons are 
generally developed. On the slopes and uplands, good soil 
drainage produces well-aerated, oxidized soils containing bri-
ght coloured B horizons with organic contents. In the low land 
and depressional areas, poorly drained and water-logged soils 
(with low oxidation) will develop dark grey B horizon while A 
horizon is rich in organic content. Peat may form in shallow 
water-level areas. 
In semi-arid regions a temporary water-table may exist 
alongside rivers in the wet seasons. This may cause formation 
of saline profiles behind levees, whore the water-table lines 
nearer to surface. 
2.2.5 Time 
The time required for the development of a soil horizon 
is related to the type of source material, the climate and the 
vegetation. In glaciated regions sufficient time is required 
for the formation of soils. Those overlying the rtllnviril or 
lacustrine deposits do not require as much time as those over-
lying the surrounding upland. The development of a distinct B 
horizon, normally, requires a much greater length of time, often, 
measurable in centuries or even in tens of thousands of years 
(Fig.2). 
2.3 SOIL PROFILE 
The soil profile defines the vertical variation in a 
soil as seen in section. They are characteristically organised 
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into layers differing in colour, texture and composition and 
distinct from underlying parent material (Fig. 3). The geo-
chemical dispersion of elements largely depends on pH, organic 
matter, clay minerals and the amount of Fe-Al-Mn oxides present 
in them. 
The soil layers are referred to as horizons. Their 
thicknesses vary from a few centimeters to a meter or more. 
The development of profile is synonymous with the soil forma-
tion. It primarily involves vertical movement of material in 
solution and suspension, accompanied by a complex series of 
chemical reactions, mostly organic. The essential medium is 
water v;hich aids in transference reconstitution. 
Most well-developed profilon, can be divided into 
five principal horizons designated as 0, A, E, B and C (Fig.4). 
A horizon of pure organic matter (horizon 0) lies above the 
A horizon. The A, E and B horizons constitute the solum or 
the 'true soil' while horizon C represents a partly weathered 
layer of parent material from wliich the solum has been derived. 
Each horizon may, furtlior, be sub-divided into sub-horizons. 
2.3.1 0 horizon 
The 0 horizon is formed from the litter of dead plants 
and animals in forest areas. They have the follov;ing sub 
horizons:-
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Oi : Organic horizon, where in the original forms 
of the plant and animal residues are only sligh-
tly decomposed. 
Oe : Organic horizon, residues moderately decomposed. 
Oa : Organic horizon, residues highly decomposed. 
2.3.2 Eluvial (or A) Horizons 
These are the mineral horizons characterised by max-
imum leaching or cluviation (Latin "to washout"). The horizons 
lie nearer to surface and have the maximum organic accumulation. 
The master horizons of this group arc designated as A, E and 
so on. 
A horizon; This is the top most mineral horizon, mixed with 
humus and, thei~cfore, of darker colour. This horizon is also 
known as A, horizon. It contains organic acids and C0_ generated 
by bacterial action and decay of humus, as a result of which, 
leaching is augumentcd in the horizon. 
E horizon; This lies bclov7 A horizon and is also called A_ 
horizon. There is mdiximurr cJuviotion of silicate clays and of 
iron and alviminium oxides in the horizon. 
AB horiz on; This is a transitional horizon between A (or E) 
and B. The properties of this horizon resemble more with those 
of A (or E) horizon than \.'ith those of the underlying E hori;:or . 
This is also known as A-, horizon. 
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2.3,3 Illuviation (or B) Horizon 
The B horizons have maximum accumulation of Fe and Al 
Oxides besides silicate clays. The horizon may also gain 
material brought up by ascending soluble matter from the 
underlying horizons. The illuviation takes place in less acid 
environment during the downward percolation of water. The E 
horizon is also referred to as 'sub soil. This horizon is 
further sub-divided into the follov;ing sub-horizons: 
BA sub-horizon; This is transitional between A (or E) and 
E horizons. The properties of this horizon arc closer to those 
of E than to those of A (or E). This is also known cr '"jhorizon, 
B sub-horizon: This is a zone of maximum accumulation of 
clays and hydrous oxides. The yollovj brov.'n colour in the B 
horizon is due to enrichment in Fe-oxidcs by illuviation. The 
organic matter is higher than tliat in E horizon and lov/cr than 
that in A horizon. This is also called B^ horizon. 
BC sub-horizon; This horizon IG trc.nsi tional between the 
E and C h.orizons. The propocrtjes of tbJ s horizon has greater 
similarly with E liorizon rather than with C horizon. This is 
also knov.'n as E3 horizon. 
2.3.4 C Horizon 
This i s a hori.-^oii of \;cathcrcd mate r ia ] (yn_ si tu or 
t r a n s p o r t e d ) , under ly ing the A and E hor i zons . The C horizon 
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can be sub-divided into various zones of weathering with the 
intensity decreasing with depth. The organic matter and clay 
content are minimum in this horizon. It is lighter in colour. 
The relict rock structures and textures are better preserved 
in this horizon. Metals from this horizon is taken up by deep-
rooted plants and are transferred to the surface. 
2.4 CLASSIFICATION OF SOILS 
Early attempts at soil classification were based on 
their compositional differences, which mainly reflect the 
effects of chemical weathering. The pedalfer soils (Latin-
pedo= soil, al- aluminum, fer = ferrum or iron) were charac-
teristic of humid or lighter-rainfall areas. These are typical 
acidic soils. The pedocal soils (cal = calcium) were charac-
teristic of dry climate. The calcium m.akes them more alkaline. 
These two represent, respectively,more and less extensively 
leached soils. 
Subsequent soil classfications tend to be more genetic. 
The factors like climate,drainage, topography, parent material, 
etc., (Throp and Baldwin, 1938) were included in the classific-
ations . 
Modern soil clossifications tends to be more sophis-
ticated and complex involving soil composition, texture, type 
of bed-rock, climate, degree of maturity, etc. Different 
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countries have adopted different schemes of soil classification-
The new UNESCO world n»ap uses 110 different units, which 
is a small number compared to the number of distinctions made 
in other systems of classification. 
Some of the imporatnat systems of soil classifications 
are described in the following paragraphs. 
2.4.1 Textural Classiffication of USDA 
This system of soil classification was suggested by 
the U.S. Department of Agriculture. Three broad groups of soils 
were recognised on the basis of texture, sand, loam and clay and 
each group was further sub-divided into classes (Table 1). 
The classes were named according to the grain size (Fig. 5). 
Table 1. Textural classification of soils according to the 
U.S. Department of Agriculture (Brady, 1984), 
Common name Texture Basic soil texture 
class name 
Sandy soil 
Loamy soil 
Clayey soil 
Coarse 
Moderately coarrc 
Medium 
Moderately fine 
Fine 
(Sand 
(Loamy sand 
(Sandy loam 
(Fine sandy loam 
(Very fine sandy loam 
(loam 
(Silt loam 
(Silt 
(Sandy clay loam 
(Silty clay loam 
(Clay loam 
(Sandy clay 
(Silty clay 
(Clay 
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100 
VJ Percent sand 
a . Percentage ^f sand, silt, and clay in the major soil textural classes. 
^U.S. Department of Agriculture system^ 
C.OOi. 0.00€ 0.02. 0. 
British 
Standards Clay 
Institution 
International 
Society of Clay 
Soil Science 
Fine Medium Coarse 
Silt 
«; 1 ' 
36 0,1 0.6 2.0 
Fine Medium Coarse 
Sand 
Sand 
Fine CoiTiC 
Gravel 
Gravel 
0.002 
0.002 
0.02 0.2 2.0 
0.05 0.10 0.25 0.5 1.0 2.0 
United States 
Department Clay 
of Agriculture 
<:;it 
United States 
Administration 
Silt 
y^O'l Fine 
fine 1 Med. Coarse 
Very 
coarse 
Sand 
Sand 
Fine Coarse 
Gravel 
Gravel 
0.005 0.05 0.25 
Particle diameter (mm, log scale) 
2.0 
b . Classification of soil particles according to size by four systems. 
Fig. 5 Guide for textural classification 
(After Brady, 198^) 
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2.4.2 Comprehensive System of Classification 
In U.S. a comprehensive system of soil classification 
known as Seventh Approximation also referred to as Soil Taxonomy-
System (USDA Staff, 1975) was evolved. It incorporates a new 
set of terms based on chemical, mineralogical, physical and 
biological properties of soils. The other systems have borrowed 
liberally from the USDA system. The world soil map of the F.A.O, 
(U.N., 1974), received wide acceptance among the soil scientists, 
For the purpose of comparison various systems of soil classifi-
cation are tabulated (Table 6). 
According to the soil Taxonomy System the soils have 
six categories or levels of classification (Table 2). First of 
all there are ten major orders which are sub-divided through 
various levels into a total of some 12,000 soil series which was 
subsequently raised to 13,000 soil series (USDA, 1975). 
Table 2. The USDA categories or levels of soil classification 
with approximate number of units under each. 
Category/level Units " 
Order . 10 
Suborder 47 
Great group 230 
Sub group'. 1,200 
Family 6,000 
Series 13,000 
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For making orders diagnostic horizons are the key 
(Tables 3 and 4). These horizons also control dispersion 
patteim of trace elements in the soils. 
The orders are sub-divided into sub-orders on the basis 
of environment (e.g. histosols) and physical properties (e.g. 
entisol). The sub orders are named using a prefix denoting 
'formative element' (Table 5) and a suffix denoting order. The 
great groups are named by adding a prefix to denote diagnostic 
horizons or variants of horizons. The sub-groups are named by 
an adjective preceding the name of the great group. Family names 
add more adjectives to indicate properties important to plant 
growth. For example, the pallid blue-grey motlled soils of humid 
regions are denoted by gley, gleyic-ground-water or similar terms 
in old classification and by the prefix aqua-in the Soil Taxonomy 
system. Similarly, salt-rich or saline soils of arid regions are 
denoted as solonchak or solonetz in the old system and by pref-
ixes natr- and sal-in the Soil Taxonomy. 
Various types of soil may bo grouped under azonal, zonal 
and intrazonal types (Table 6). Azonal soils arc immature chara-
cterised by the presence of parent material. They may he recent 
alluvium, volcanic ash, wind-blown sands and shallow bed rocks. 
They are called entisols, inceptisols and alluvia] soils. The 
zonal soils are characterised by mature soil profiles. They 
arc podzols, chernozems, latosols and desert soils of the old 
classification. The intrazonal soils are those influenced and 
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altered by loca] conditions, viz., drainage. It appears, there-
fore, logical that the soils of similar climatic regions resemble 
with each other.. 
Table 3. Diagnostic soil horizons (U.S.D.A., 1975; Young, 
1976; Dregne, 1976) 
Diagnostic Horizon Main Characteristics 
A. Surface Horizons or epipedons (A horizon) 
1. Histic (0) Organic content >20%, peaty or mucky, 
usually water saturated, diagnostic of 
histosols. 
2. Mollic (A) A granular dark horizon >18 cm thick with 
organic .natter •7!% and base saturation 
>50%, Ca is main exchangeable cation. 
Typical of grass lands, diagnostic of 
mollisols. 
3. Umbric (A) Similar to mollic except base saturation 
<50%, typical of forested area. 
4. Ochric (A) Light coloured, pale or thin surface 
horizon, organic content <1% typical of 
arid regions and some forested regions 
B. Sub surface Horizons (B horizons) 
1. Argrillic (Bt) Accumulation of illuvial clay, diagnostic 
of alfisols and ultisols. 
2. Natric (Btn) Like an argillic (Bt), but high in alkali, 
exchangeable Na>15% of total exchange 
capacity, columnar structure, present in 
some aridosols and mollisols. 
3. Spodic (Bhs) Accumulation of organic matter and Al-
oxides with or without Fe-oxides, Diagno-
stic of spodosols. 
Contd... 
33 
4. Cambic (B) 
5. Oxic (Ba) 
Texturally distinguishable from a horizon 
but lacking illuvial clay, Fe-Al-oxides, 
organic matter or alkali enrichment, may be 
present in inceptisols and mollisols. 
Highly weathered, composed of kaolinite, 
Fe-Al oxides, very low cation exchange 
capacity, ( <15 m/100 gm clay) no clay 
coatings, diagnostic of oxisols. 
6. Albic (E) Light coloured, clay and Fe, Al oxides have 
been leached. 
7. Ca lc ic (K) Accumulation of app rec i ab l e carbonate , 
8. Gypsic (y) Accumulation of gypsum 
9. Salic (z) Accumulation of salts 
C. Other horizons 
1. Gley A blue- grey sub-surface water logged 
horizon, reducing, and usually mottled with 
spots of brown to yellow. 
2. Ferric With red mottles and concentrations and 
low cation-exchange capacity. 
3, Ease saturated The fraction of exchange sites on clays or 
other colloidal properties that is occupied 
by Ca, Mg,Na, and K, the remaining sites 
£<re occupied mainly by H and Al. Base 
saturation is the measure of the degree 
of weathering and leaching. 
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Table 4. Soil orders of Soil Taxonomy System {U.S.D.A., 1975) 
Soil orders Lation or other 
derivatives 
Main characteristics 
1. Entisol (-ent) 
2 . I n c c p t i s o l ( - o p t ) 
Nonsense symbol 
(Recent ) 
L.incoptum= 
b e g i n n i n g 
3 . M o l l i s o l ( - o i l ) I , .Mol l i s = s o f t 
4. Alfisol (-alf) Nonsense symbol 
{Al- Fe) 
Little profile deveJopment, 
consists of little modified 
parent material, ochric 
epidedon common 
Embryonic soils of humid 
regions, cambic horizon, few 
diagnostic features 
Soils with a mollic A horjzn, 
high base saturation, dark 
soils of grasslands. 
Soils with Agrillic or 
natric E horizon, high to 
medium base saturation 
( /'35%), forest soil. 
5. Ultisol (-ult) 
6. Oxisol (-Ox) 
L . U l t i m u s = l a 5 t 
Oxide 
Soils with an argillic B 
horizon and base saturation 
( < 35%),forest soil. 
Soils with an oxic B horizon, 
no argillic horizor), highly 
weathered. 
7. Vertisol (-ert) L.verto=change 
8. Aridosol (-id) L.aridus=dry 
Soils with a high content of 
swelling caly, forming deep 
cracks when soil dry. 
Soils with an aridic moisture 
regime, an ochric A horizon 
and high base saturation; 
may have calcic, gypsic, 
argillic or natric B horizons. 
9. Spodosol (-od) L.Spodos=wood ash Soils with a spodic B horizon 
with Fe,Al, and humus accu-
mulation. 
10. Histosol (-ist) L.Histos=tissue Soils with a histic (peat 
or bog) horizon, organic 
matter >20% 
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Table 5. Prefixes used in naming sub-orders according to formative 
elements (U.S.D.A., 1975) 
Prefixes 
(in sub order) 
Connotation of formative elements 
And-
Aqu-
Arg-
Bor-
Fibr-
Hum-
Ochr-
Orth-
Psamm-
Sapr-
Umbr-
Ust-
Xei"-
Soils from vitreous volcanic parent 
material 
Soils that are wet for long period 
Soils with a horizon of clay accumulation 
Soils of Cool climates 
Soils with mineral decomposition 
Soils with organic matter 
Soils with little organic matter 
Soils typical of their order 
Sandy soils 
Soils of humid climate 
Soils with dark surface layer of much 
organic matter 
Soils of dry climate with summer rains 
Soils of dry climates with winter rains 
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Table 6. Correlations of soil orders of different systems along-
with their climate and local conditions (After Albert and 
Tavernier, 1972; Young, 1976; Brady, 1974 and Dudal, 1968) 
U.S.D.A.(1975) Old system F.A.0.(1974) 
Zonal Soils 
1. Soils of the 
cold climate 
Inceptisols, 
(eryo-or 
aq-Prefix) 
Tundra(gleyic 
soils), Arctic 
brown-soils 
Gleysols 
2. Podzolic and 
related soils 
of temperate 
and tropical 
forested regions 
Spodosols 
Alfisols 
Podzol Podzols 
Brown podzolic 
soils 
Gray-brown Pod- Luvisols 
zolic soils 
Podzolic soils 
Non-calcic brown 
soils_^  Degraded 
chernozems 
Ultisols Red-yellow 
Podzolic soils 
Aerisols 
Oxisols Fcrrallitic 
soils 
Ferralsols 
Ferruginous soils 
Ferrisols (Ni.fosols) 
3. Soils of scm.i-
arid,subhumid, 
and grasslands 
Mollisols 
Vestisols 
Degraded 
chernozems 
Prairie soils 
Reddish Prairie 
soils 
Chernozem 
Chestnut soils 
Faddish chestnut 
soils 
Phaoozems 
Chernozems 
Kastanozoms 
Brown soils (in part) 
Grumu soils Vcrtisols 
Contd. 
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4. Light coloured Aridosols Brown soils(in part) Xorosols 
soils of arid 
regions 
Raddish-brown soils 
Desert soils 
Raddish desert soils Yermosols 
Intrazonal soils 
1. Hydromorphic soils Aqu-Prefix Humid-gley soils, Clcy sols 
of marshes,swamps, Alpine meadows soils 
flats, and Low humic-gley soils 
seepages Planosols 
Ground water Pcdzols 
Ground water latasols 
llistosolr. Fog soils Hjstosols 
Half-bod SOD 1s . 
2. Holcirornl'ic Sat-natr- SoJmrhak SolonchaK 
(sclineg, alkali) Prefixes Solonotz Snlonetz 
Soils of Imperfec-
tly drained arid Red-Prefix Provr forest soils 
regions. 
3 . C a l c i m o r p h i r P o n d z i n a R o n d z i n e 
s o i l s 
Azonal Soils 
1 . S o i l s en Entisc^if , L i l b o s o l r , T- i t l^rsr l '^ 
l i f t " ' r^-vcp.ih- -. 
R e n r s o i s R o o o s o l s 
c r ~ n g Oi-j^ont 
m a t e r i f-i] ,MliivJi ' iP F l u v i s o ] ' -
2 . C o i l s \ ' i t l i c^nlv T n c c n t i s o l s A i i d o s o l s 
J n c i p : c n t 
i ior i z n n Cnmbi s o b 
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2.4.3. Classification of Saline-Alkaline Soils 
In the genetic system of soil classification of 
Throp and Smith (1947), the salt-affected soils (solonchak, 
solonetz and soloths) are placed in a halomorphic group. 
Later on, three types of soils in this group were distingu-
ished, viz. saline, alkali, and saline-alkali (Richards et al. 
1954). Some of the modern approaches towards classification 
of these soils are described in the following paragraphs. 
a) The Russian Approach : On the basis of genetic profile, 
various types of solonetz, semi-desert and meadow soils v;ere 
recognised by Pate (1971). Solonchak wascfurther differentiated 
into classes on the basis of soluble anionic content, like, 
chloride, nitrate, sulphate and carbonate. 
The following classes wore ;suggested by Kovda (1961):-
(i) Soda Solonchak 
(ii) Sulphate Solonchak 
(iii) Chloride Solonchak 
(iv) Nitrate Solonchak 
They fall v,'ithin the same salinity class of Driessan 
(1970). A typical solonetz profile comprise Eluvial A-alluvial, 
prismatic, block B,- carbonate E -saJt horizons. 
b) The American Approach : The American approacli differs: from 
that of the Russian in that no specifications about the noturo 
of electrolytes and class limits of salt content were given. 
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The Comprehensive U.S.D.A. system (see 2.4.2) ref-
lects soil properties in the nomenclature. 
c) The F.A.O. Approach : The.F.A.O. system, like the U.S.D.A. 
system, is a combination of selected genetic elements. These 
are as follows;-
(i) Three types of A horizon, melanic (humus with base satura-
tion ^50%), sombric (saturation >50%) and histic (coarse humus 
with 20 to 30% organic material). 
(ii) Four types of B horizons, argillic, natric, cambic and 
spodic. 
(iii) Five additional types of horizons, calcic, gypsic, salic 
plinthic and gleyic. 
The system stipulates more than 6% saturation of 
sodic phase with negligible sodium in some horizon within 
100 cm of the surface. The natric phase, unlike solonetz, 
has B horizons with a high exchangeable sodium saturation. 
Accordidng to the F.A.O. system, the solonchaks have altoast 
2% easily soluble salts in the upper most (30 cm) soil horizons. 
d) Classification of Saline-alkaline soils of India : Classi-
fication of salt affected soils of India has not been standar-
dised, although, typica] saline, alkali and saline-alkali soils 
have been recognised under different geoclimatic regions. 
The genesis and classification of these soils have 
been discussed by Raychaudhari el al. (1962), Kanwar and Schgal 
^0 
(1962), Kanwar and Bhumbla (1969), Abrol and Bhumbla (1971), 
Bhargava et al. (1972), Sehgal et al. (1973), Bhununbla et al. 
(1977), Manchanda and Khanna (1979) and Manchanda et al. (1983) 
Raychaudhari (1963), described the various types of 
saline, highly alkaline-saline and slightly alkaline-saline 
soils of India. He distinguished six types of salt-affected 
soils as follows:-
1. Alkali 
2. Saline 
3. Potentially saline 
4. Coastal saline 
5. Deltaic saline 
6. Saline sulphate 
e) Problem of Classification of Saline-Alkaline Soils of 
Indo-Gangetic Plain : Nearly 2.4 million hectares area of 
the Indo-genetic plain is reported to be covered by the salt-
affected soils (Ehargava ct al 1975). Most of these are 
analogous to soda-solonchaks or black alkali soils of tlie 
Russian system. They are characterised by high pH value, 
high sodium catbonate and bicarbonate and high sodium satura-
tion (80 to 90%). This is possibly related to a shallow non-
saline ground water-table at least for some part of the year 
(Abrol et al. 1971); Bhargava et al., 1972; Sehgal, 1973, 
Bhumbla et al., 1977). The leveJ of salinity if; lov; for sodic 
horizon but high enough for agricultural purpose (Sehgal et al. 
^1 
1975; Bhargava et al. 1975). Subsequently the natric horizon 
was redifined and a salic sub-group added to it. 
The natric soils are light coloured (generally yellow), 
poorly aggregated, >10 cm in thickness and infertile. They 
are found in subtropical and semi-arid regions where average 
rainfall is 720 mm and the maximum and minimum temperatures of 
31.7°C and 18°C, respectively (Ehumbla et al 1973). 
Three types of natric epipedon (horizons) are distin-
guished :-
1. Epinatric natrustalfs 
2. Epinatric haplustalfs 
3. Natrustalfs. 
The epinatric natrustalfs has the entire alkaline 
profile, vv'hereas, epinatric haplustalfs has their sub-stratum 
free of alkali hazards. The natrustalts present potential 
problem in the upper part of the soil only due to carelessness 
in management and would require only surficial reclamation. 
2.5 STRUCTURE AND FORMATION OF CLAY MINERALS : 
The clay sized weathering products are either siJi-
cate-clays or oxide-cJays. The silicate-clays are composed 
mainly of clay minerals and the oxjde-clays of clays with 
oxides of Fe, Al and to a lessor extent, of Mn. 
1*2 
The clay minerals vary widely in chemical composition 
and ion exchange capacity. The crystal structure of common 
clay minerals are characterised by layered structure TFig.6). 
The identity of the mineral is determined by the sequence of 
layers, inter-layer distance, the elements present in the 
octahedral layers, the charge on the layers, and nature of 
inter-layer cations balancing the layer charge. Different 
types of clays originate under different conditions described 
in following paragraphs. 
2.5.1 Smectite (Montmorillonite) 
Montmorillonite is Mg-rich clay. For its formation 
a relatively high ionic concentration of siljcon and magne-
sium is required. Tb.c concentration of these elements can be 
maintained by slow movement of soil water. The minerals, 
however, have low stability under conditions of high hydronium 
concentration and rapid leaching. 
2.5.2 Vermiculite : 
Vermiculite has a higher negative J aver charge as 
compared to smectite. This mineral is formed under conditions 
of moderate hydronium concentration. Free availability of 
exchangeable ions accompany higher layer charge. Also, mica 
must be present in the initial material. It requires a high 
concentration of Si in the solution and low concentration 
of Al. 
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2.5.3 Illite : 
Illite is also called as hydrous mica. It forms 
under conditions of moderate to low hydronium concentration^ 
necessary for partial stripping of K from interlayers. Al-
though illite is typically developed in deep-sea sediments, 
moderate to relatively high concentration of Si and Al make 
them stable in the soil. It is converted to veinmiculite under 
moderate to high hydronium concentration. 
2.5.4 Al-rich Vermiculite : 
The aluminium-rich vermiculite is a common weathex-ing 
product of micas involving inter-layer expansion like those of 
montmorillonite(Fig. 7). It requires high or low hydronium 
concentration and medium to high Al and Si concentration for 
its formations. 
2.5.5 Kaolimite : 
The formation of Kaolinite takes place under conditions 
of nearly equal Si and Al concentrations, high hydronium con-
centration and, essentially, absence of Mg and other- bases. 
In kaolinite, the combined tetrahedral-octahedral layer is bound 
to other similar layers by hydrogen bonds and weak ionic forces. 
2.5.6 Halloysite : 
The halloysite forms during rapid weathering of feld-
spars when the concentration of Al approximately equals that of 
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Si. The required conditions are high hydronium concentration 
and zero or very low concentration of the bases. 
2.5.7 Goethite i 
This mineral requires relatively high Eh and moderate 
hydronium concentration for its formation. It is formed due to 
rapid disintegration of ferromagnesian minerals. With the per-
sistence of highly oxidizing conditions and moderate pH, it is 
slowly converted to hematite. 
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CHAPTER - III 
MATERIALS AND METHODS 
3.1 REMOTE SENSING APPLICATION TO SOIL STUDIES 
The launching of the first Earth Resjources Tech-
nology Satellite (ERTS) on July 26, 1972, heralded a new 
era in the exploration of earth's resources. This was 
followed by launching of a family of five LANDSAT satelli-
tes between 1975 and 1984. India's own first Remote sens-
ing Earth Resources Satellite, BHASKRA-1, was launched with 
a Soviet rocket on June 7, 1979. Thus developed a new bra-
nch of 'Remote Sensing', the science of getting information 
about an object from a distance without coming into direct 
contact with it. It involves recording and analysis of 
electromagnetic radiation in visible and infra-red range and 
radar waves in micrometer to meter wavelength bands as Mul-
tispectral Scanner (MSS) on bands 4(0.5 - 0.6 ;im), 5(0.6 -
0.7 Aim), 6f0.7 - 0.8 ;am) and 7(0.8 - 1,1 ;um). 
The application of MSS data, in natural resources 
studies, grew as more and more space-borne data became avai-
lable. Their application in the soil sciences grew manifolds 
The MSS data was used for the first time in soil 
engineering at the Purdue University, U.S.A. The technique 
was, subsequently, developed for pedological analysis at the 
I.T.C., the Netherlands. The main principle of the technique 
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is that every object on the terrain under observation emits 
or reflects electromagnetic radiation at specific and dis-
tinctive wavelength producing a characteristic patter or 
spectral signature for it. Some spectral signatures of soils 
for Indo-gangetic plain of eastern U.P. are given in Fig. 8. 
The soils produce different tonal response in several spec-
tral bands. The MSS data is analysed employing either the 
visual or the computer method. The False colour composite 
(FCC) provides a more detailed information about the soils. 
A number of small scale maps of some soil areas in 
India were prepared with the help of Apollo and Gemini photo-
graphs by Krishnamurthy and Sriniwasan (1973). This led to 
effective use of LANDSAT data in soil mapping subsequently. 
THE LANDSAT data, air photos and ground truths provide a high 
degree of accuracy in demarcating and monitoring salt-
effected soils. The image characteristics help in inter-
preting physiography, soils, etc. In the mapping of Amethi 
and surrounding areas, use was made of imageries of LANDSAT, 
ORBIT-154 and ROW-042. The MSS scence of bands 4, 5 and 7 
and the F.C.C. were chosen for this purpose. The map was 
prepared on the Survey of India toposhefet number*63 F/12 and 
63F/16. Help was also taken from soil maps of Sarda Sahayak 
(Sultanpur) and soil Testing Laboratory (Sultanpur). 
3.2 SAMPLING 
For sampling of soils, grid pattern on 2'30" latitude 
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and 2'30" longitude interval, was prepared. Samples were 
collected on the basis of soil variation from 19 different 
localities (Map-5). About 1 kg soil sample v/as collected 
from each locality and stored in polythene bags bearing 
location number. The samples were taken from 15 cm depth 
(top soil) upto 160 cm from different horizons. 
The bags of samples were left open in the labo-
ratory and were allowed to dry at room temperature. 
3.3 LABORATORY METHODS (MECHANICAL PROPERTIES) 
3.3.1 Particale size Analysis : 
For particle size analysis about 110 g sample of 
soil was taken and dried in an electric oven at low tem-
perature (about 40 C). Then the sample was passed through 
a 0.0625 mm sieve to separate sand from silt-clay and each 
group was weighed separately. The silt and clay percentages 
were then determined by methods that depend on the rate of 
settling. The mixture of silt and clay was taken into a 
bearker filled with distilled vi^ ater, stirred thoroughly, 
and allowed to settle for about 6 hours. T)ie silt gets 
settled at the bast; and the clay suspension was gently 
pipetted out. The beaker with silt was then dried in ele-
ctric oven at low temperature and weighfed. The clay sus-
pension was gently heated to evaporate out the water and 
driet] ^ ind weighed. 
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Thus the percentages of sand, silt and clay were 
calculated. The data was plotted on a triangular diagram for 
textural classification of soil (Fig.5 a). 
3.332. Determination of Liquid Limit : 
For' determining liquid limit, about 120 g soil 
sample was mixed with distilled water to make a paste. The 
paste was placed in a brass cup of liquid limit apparastus 
(Kaycee model JS 5 RK/DL) and levelled with a spatula. A 
groove was then cut through it with A.S.T.M. type groving 
tool. The groove was then filled by applying blows (at 
uniform and constant rate of 2 blows/sec). Then the soil was 
removed immediate]./ From the cup and kneaded. Again the blow 
count was made. Then water content of the paste was then 
determined. The test was repeated by varying the water- con-
tent. The liquid limit of the soil 25 blows was measured with 
the help of semi-logarithimic plot (Fig.12). 
3.4 LABORATORY METHODS (CHEMICAL ANALYSIS) 
3.4.1 Determination of pH and Electrical Conductivity (EC): 
The soil samples were mixed with distilled water 
in 1:2 ratio. About 25 cj (jf sample was taken in a beaker and 
50 ml distilled wdl<>r added to it and stirred for about 30 
minutes. Thereafter, pH and EC were determined with the 
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help of the portable pH determination kit model CT-105. The 
following procedure was adopted;-
1. The electrodes for pH were waslied with distilled water, 
dried and placed in standard- buffer solution of 4 pH, 
prior to use. 
2. The electrodes were connected to the input socket in front. 
3. The instrument was calibrated with a standard solution 
by adjusting appropriate knobs. It is essential that 
prior to every measurement washing of electrodfcs with 
distilled water is carried out followed by drying. 
For the measurement of electrical conductivity (EC), 
the following procedure was adopted:-
1. The conductivity cell was connected to input socket. 
2. The instrument was calibrated by placing the cell in a 
standard solution. 
3. The cell was then placed in tlie solution of unknown sample, 
taking care to wash it with distilled water (>.u;'a Liiiv^  
before use. Direct reading of EC is rerordcl. 
3,4.2 Preparation of sample : 
The samples of the soil were.first broken with a 
roller and then passed through a 2 mm sieve. The powdered 
samples were then washed with distilled water and dried in an 
oven at low temperature. The aggregares were finally crushed 
and ground with a pestle in an agate mortar. 
5^ 
3.4.3 Preparation of solutions t 
Two solutionrwere prepared for each soil sample, 
solution A for the determination of silica and alumina and 
solution B for the determination of other elemeat*. 
a) Solution A t Solution A was prepared by the method of 
Katz (1968) as follows: 
1) About 0.1 g powdered soil was weighed on an electrical 
balance and transferred into a nickel crucible. 
2) About 1 g (10 pellets) of sodium hydroxide was added to 
it. The crucible was heated to dull redness for 3 
minutes until NaOH melted. 
3) After cooling down to room temperature, it was Infl 
overnlg}-il. Tor 'ligestion in 50 cc of distilled water. 
4. The solution was then transferred to a 250 ml beaker, 
and 20 ml 1:1 HCl was added in it. 
5. The solution was heated on a hot plate until a clear 
solution was obtained. 
6. Finally, the solution was transferred into a 1000 ml 
volumetric flask and cooled to room temperature and 
diluted to volume with distilled water. 
7. The solution was then transferred immediately into a 
1000 ml plastic bottle for storagfc. 
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b) Solution Bt Solution B was prepared by the mothod of 
Bernas (1968) as follows: 
1. About 0.5 g soil powder was weighed on an electrical 
balance and transferred to a teflon vessel. 
2. Then 0.5 ml aqua-regia (1:3 HCl: HNO ) was added as 
wetting agent. Then 3 or 4 ml of 48% HF was added to it 
and the vessle was placed inside a steel bomb and was 
sealed with a sealing disc. 
3. The bomb was placed in an oven for 35 to 45 minutes at 
110 C for digestion and then allowed to cool to room 
temperature. 
4. The lid was then unscrewed and the digested solution 
transferred into a plastic vessel alongwith the dis-
tilled water wash. 
5. About 2 g of boric acid was added to it and stirred with 
a plastic rod to a clear solution. 
6. Finally, tlie solution was transferred into a 100 ml 
volumetric flask and diluted to volume with distilled 
water. 
7. The solutions were stored in plastic bottles. 
3.4.4 Determination of Silica and Alumina by Spectrophotometer 
To determine silica (SiO^) and alumina (A1_0 ), solu-
tion A was used on the Spectrophotometer Spectronic 20. 
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Spectrophotometer functions on the measurement tof 
transmittance at various wavelengths depending upon the me-
thod of producing monochromatic light (Fig.9). The monoch-
romatic light selected for a given element is passed through 
an obsorbing column (coloured) which converts the radiant 
energy into electrical energy. The current produced is 
measured by a galvanometer or sensitive voltmeter. The obso-
rbance is recorded from the instrument which is a measure of 
concentration of element under study. 
A blank solution sets the instrument at a fixed 
point (100% transmittance or zero absorbance). The cuvette 
containing the unknown solution is placed in the instrument 
in the path of monochromatic beam and the reading of the 
absorbance of the light by the solution is recorded. 
The concentration of the unknown soln (C) can be 
determined as follows:-
„ absorbance of unknown soln.„ ^^»,^ -- ^ -, -, C = ,^ --^ , 5 7—-, • J IT X CONC. of standard 
absorbance of standard soln. 
soln. 
3.4.5 Chemical Analysis by Atomic Absorption 
Spectrophotometer (AAS) 
Chemical analysis of major and trace elements was 
carried out using Perkin -Elmar Atomic Absorption Sepctro-
photometer 2380, with D2 background corrector (Plate II). 
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PLATE ri 
Photograph of Perkin-Elmar Atomic Absorption 
Spectrophotometeter 2830 
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Solution B was used for analysis. Sxiteen elements were 
analysed by AAS. A schematic diagram of the system is 
given in Fig. 10 (A,B and C). 
The atomic absorption spectroscopy is based on the 
principle of absorption of characteristic ra<^iation emitted 
by ground state atoms. In ground state, the atoms are in 
their lowest possible energy level, capable of absorbing a 
unit of energy. This causes electron to move to an orbit of 
higher level« The atoms thus become excited. This may be 
expressed as follows: 
Ground state atom + hr = excited state atom 
= E + hr 
where, 
hr = Energy of photon 
-27 h = Planck's constant, 6.625x10 erg-sec. 
r = Frequency of radiation 
also = c/), 
c = velocity of light 
> = wave length 
Atomic absorption spectrometry involves three steps: 
1. Conversion of sample (solution) into vapour through ato-
miser in a fiame. 
2. Irradiation of the vapour using characteristic wavelength 
of the element to be analysed. 
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3. Recording of absorbance of radiation after passing 
through the vaporised sample. The percentage of light 
absorbed is with reference to background. 
The degree of absorption can be expressed as 
follows: 
CKr dV = IT e^/mc. Nf 
where, 
K = Absorption coefficient at frequency (r) 
e = charge on the electron 
m = mass of an electron 
c = velocity of light 
N = Number of absorbing atoms 
f = Oscillator strength of the absorbing line. 
Of these K, e, m, c and f are constants for a given element 
with N as the only variable. Then, 
dv «»< N 
This is reverse of flame photometry in which inten-
sity of emission is proportional to the number of excited 
atoms. 
The hollow cathode lamps (HCl) or electrodeless dis-
charge lamps (EDL) are used to produce characteristic radi-
ation for the element whose radiation is to be found. 
6^  
The sample solutions are injected into a flame 
through a pneumatic nebulizer as aerosol. The aerosol mixed 
with fuel and air, in the flame chamber, is transported to 
the flame. In a flame, there is an equilibrium among the 
molecules, atoms, temperature, etc. (Fig.lOD). Since only 
the atoms are capable of absorbing characteristic radiation, 
parameters, are set to obtain the maximum number of atoms. 
The instrumental specifications for various ele-
ments are given as follows (Table 7):-
Table 7: Parameters of some elements for determination on 
AAS of Perkin ElmaT make 
Element 
Fe 
Mn 
Co 
Mg 
Zn 
Pb 
Cu 
Ni 
Cr 
Lamp 
Fe 
Mn 
Co 
Mg-Ca 
Zn 
Pb 
Cu-Ag-
Cu-Ag-
Cu-Ag-
-Ni-
-Ni-
-Ni-
-Cr 
-Cr 
-Cr 
Characteristics 
radiation 
248.3 
279.5 
240.7 
285.2 
213.8 
283.3 
324.7 
283.8 
357.9 
nm 
nm 
nm 
nm 
nm 
nm 
nm 
nm 
nm 
Slit 
setting 
0.2 
0.2 
0.2 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
nm 
nm 
nm 
nm 
mm 
nm 
nm 
nm 
nm 
Flame 
condition 
Oxidizing 
n 
Reducing : 
The gas mixtures normally used with AAS are air 
acetylene, nitrous oxide-acetylene, air-hydrogen, argon-
hydrogen, and air-propane (or natural gas) according to the 
elements to be analysed. Air-acetylene gas is useful for 
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determination of about 25 elements as its flame attains a 
temperature of approximately 2300 C. 
3.4.6 Preparation of Thematic Maps of Chemical Properties 
Computerised thematic maps of chemical properties of 
the soils of Amethi area were prepared on grid pattern (2'30" 
lat - 2'30" long intervals) by using the HCL Workshorse-II 
system installed at the District Data Base, Sultanpur (Plate III) 
The following steps were adopted :-
1. Grid-wise data on chemical properties of the soils 
were entered into the system. 
2. X-Y co-ordinates for boundary of the area were entered 
into the system. 
3. Then, thematic maps were prepared by using the Fortron-77 
language and the NRDMS GRIDS software. 
4. Range of parameters are shown by using different 
characters. 
5. Print-outs of thematic maps were taken by the printer. 
PLATE I I I 
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r 
HCL Workhorse-II System at District Data 
Base, Sultanpur 
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CHAPTER - IV 
GEOLOGY AND HYDRQGEOLOGY OF AMETHI AREA 
4.1 GEOLOGY : 
Amethi area is situated in the Ganga-Yamuna doab, 
and represents, a part of the Indo-Gangetic alluvial plain of 
Quarternary age. The alluvium are supposed to have been deri-
ved from the Himalayan ranges by the Ganga river system 
(Dutt, 1968). 
These soils show gradation in vertical section 
with variation in sand, silt and clay ratio (Fig.11). Beds 
of very coarse sand or gravel are uncommon. Zones of kankar 
(calcium carbonate) occur in very fine-grained strata. A 
generalised succession of soil horizons of Amethi area has 
been prepared (Table 8). 
Table 8: General lithological variation in soil in vertical 
section, Amethi area 
Lithology 
Clay with Kankars 
Sandy clay with Kankar 
Clay with Kankar 
Fine to medium sand 
Clay with Kankar 
Clay 
Fine to Medium sand 
Clay 
Dfepth range 
in meters 
0.00 
6.15 
9.84 
20.00 
34.45 
151.35 • 
157.90 • 
164.05 • 
- 6.15 
- 9.84 
-20.00 
-34.45 
-151.35 
-157.90 
-164.05 
-175.00 
Thickness in 
meterss 
6.15 
3.69 
10.16 
14.45 
116.90 
6.55 
6.15 
11.05 
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The geological evolution of the Indogangetic plains has been 
explained variously. According to Edvard Suess, the great 
Austrain geologist, the plain represents a'fore-deep' in 
front of a resistant mass of the peninsula where the Tethyan 
sediments were thrusted southward and compressed against them. 
The 'fore-deep', which was a remnant of the sea of Tethys, 
was filled up by the sediments brought down by the Himalayan 
rivers in the north and peninsular rivers in the south. Thus 
the Indo-Gangetic plain came into existence. This view was, 
later on, supported by Misra (1981) and others. 
Another view invokes a sag in the crust in the north 
of the drifting Indian subcontinent giving rise to a depre-
ssion which was filled by fluival sediments. Subsequent up-
lift of sediments resulted in mountain range. 
Regarding the age of formation, it is believed that, 
the deposition of the alluvium began with the uplift of 
Siwaliks from Middle Pliocene to Pleistocene period and con-
tinued upto the present. The Indo-Gangetic depression must 
have come into existence during the later stages of Himalayan 
orogeny. The depression, probably, began to form in the Upper 
Eocene and attained its maximum during the third upheavel in 
the Middle Miocene. Since then it was gradually filled with 
sediments into a level plain with a very gentle seaward slope. 
The broad uniformity of detritus suggests a subsiding trough 
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through Pleistocene times. Continuous uplift of the Himalayan 
mountains during the Middle Pleistocene to Recent times would 
rejuvenate young streams, thereby, increasing their carrying 
capacity, leading to rapid filling of the depression. 
The gravity, magnetic and seismic surveys of the 
Indo-Gangetic plain suggests that thickness of the alluvial 
cover is from 1000 m to 2000 m. Glennie's (1932) geodetic est-
imates gave a thickness of 1950 meters. Earlier (1921) his 
estimated thickness was more than 3000 motors. Borings 
sunk for artesian wells upto 1606 m encountered no basement 
rocks. 
Oldham (1917), on the basis of geological observa-
tions, estimated that the maximum depth of the trough near 
its northern limit was 4600. This rose southward to merge 
with the vindhyan uplands of the Dcccan. The aero-magnetic 
surveys of the Ganga basin revealed basement at a depth of 
about 7,000 m, while the geological data gave a depth of 
6,000-7,500 m below the surface (Map 6). 
4.2. HYDROGEOLOGY : 
The ground water occurs not only under the water 
tabic but also in confined aquifers at shallov; as well as 
dccpcX levels. 
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The three aquifer zones identified in the area are 
as follows (Map 7) :-
1. The shallow aquifer, upto 15 m below ground level. 
2. The middle level, aquifer, semi-confined aquifer between 
10 to 70 m depth below ground level. 
3. The deep aquifer, confined aquifer at a depth greater 
than 100 m below ground level. 
The main source of ground water in the area is from 
seasonal precipitation. Recharge also takes place through 
streams when in spate, by seepage from the network of canal 
system, by return seepage from irrigation and by lateral in-
flow from adjacent areas. 
A map of depth to water level below ground was prep-
ared from the data of NRDMS Fiydrograph stations (Map.8) for 
the duration of April 1987. It shows isotropic distribution 
in the vertical and horizontal spread of sand bodies v;ithin 
the Quarternary alluvium. The water-table is sliallow in 
Amethi varying between 2 to 5 meters, more commonly betv/ecn 
3 to 4 meters, below ground level. 
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CHAPTER - V 
SOIL TYPES OF AMETHI AREA 
The soils are coarse-grained along the banks of 
Gomiti river and gradually becomes finer away from the riv-
er. The area has predominantly medium-to fine-textured 
soils. 
A survey of the soils of Amethi block was carried 
out to distinguish textural classes and to demarcate waste-
land (usar land) area (Appendix IB) Surveys based on phy-
sical and chemical parameters were also attempted (water 
Technology Centre I.C.A.R., 1986; Soil Testing Lab, Sultoan-
pur, 1986). 
The present study embodies a gcochemical survey of 
Amethi area Qt 2'30" grid mode and also on the basis oT 
randon sampling. 
5.1 SOIL TYPES 
On the basis of mechanica] analysis, percentages of 
sand, silt and cJay of the Goils voro. determined (Table 9), 
The soils can bo classified into four major textural cla-
sses as folJows:-
1 . Sandy loam 
2 . Loam 
3 . S i L t loam 
A. C l a v loam 
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The soil boundaries were demarcated in a map (Map 9) 
on the basis of present work and previously available data 
(Appendix-IB). The description of soils types of the areas 
is given in following paragi^aphs. 
5.1.1 Sandy Loam 
About 5.34% of the total area is occupied by coarse-
textured and deep layered upland tract of sandy loam. The 
soil is predominant developed at Mohammadpur, Dilshahpur, 
Kakwa and Ghaghughar villages and is controlled by topogra-
phy and drainage. The sandy loam soils of raised uplands 
are eroded by newer streams along channels. The soils have 
low calcium and clay content on account of excessive leach-
ing. The soils, generally, have sandy texture and brown to 
reddish brown colour. The compaction is low and water-
bearing capacity is moderate to high. The percentage of 
sand ranges from 65 to 75, that of silt from 15 to 21. and 
that of clay from 12 to 16. The pH of the soil varies 
between 7.0 to 9.5. 
5.1.2 Loam 
About 41.45% of the area is occupied by medium-tex-
tured soil, referred to as loam. Locally, loam is called 
'domat' soil. This type of soil occurs in Rhopatpur, 
Chakkapur, Berahimpur, Katra Raja Himmat Singh, Kushitali, 
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Sundarpur, Narbha, Rajapur Kohra, Kundwa Mohaminadpur and 
some other villages. 
The soils are well-drained and easily cutivable. The 
colour varies from yellow to dark brown with more clay in 
lower layers. Small nodules of magnesium and iron occur 
in all the sub soils (at 50 cm to 125 cm depth). Occassio-
nally, hard and pointed Rankers (calcium concretions) are 
found in the sub soil. The compaction and water-bearing 
capacity of loam soils are moderate. They have variable 
percentages of sand (35% to 5 2 % ) , silt (28% to 45%) and 
clay (15% to 2 5 % ) . The pH of the soil range^^^rlia«ol^==4:o 
8.5 and has low salinity and alkalinity. f' ^ ^ 
5.1.3 Silt Loam '^ 5?"^  ^*? 
About 28% of the area is occupied by s U t loam. This 
type of soil occurs in the villages of Naugawan, Ramnathpur, 
Parsauli, Baghauria, Gyanchandpur, Manipur Radhau, Ramdevpur, 
Mochwa, Katra Hulasi, Sonpur Mankant, Ahirawal and Dehra. 
The soil is also found in other villages. 
The silt loam soil is shallow layered and fine-
grained. The colour of the soil varies from yellow to 
brown. Efflorescence of sodium salts are found on the sur-
face which make them saline and alkaline. Excessive calcium 
carbonate is found in the sub soils. Nodules of iron and 
manganese, about 2 to 5 mm size, occur at depth of 50 cm in 
78 
the sub-soil. Hard and sharp Ca-kankars (2 to 5 cm size) 
are also found in the sub-soil. The compaction of the silt 
locim is low to medium and water-bearing capacity is medium 
to low. The pH is greater than 8.5. The percentage of sand, 
silt and clay varies from 15 to 48, 50 to 80 and 5 to 25 
respectively. 
5.1.4 Clay Loam : 
About 25.21% of the area is low-lying covered by 
fine-textured and shallow-layered soil which is known as 
clay loam. Locally, clay loam is called 'ttatiyar' soil. This 
type of soil occurs in the entire villages such as Ramnagar 
Mafi, Marfapur, and Balipur, and dominently at many otiier 
villages (See Appendix IB). 
The soil varies in colour from grey, yellowish grey 
to dark grey, has high compaction and develops mudcrack when 
dried (Plate IV) capacity is very low. Salts are deposited 
on the surface in the form of saline efflorescence, (reli). 
TliR clay cdiitent decreases with depth. Nodules of iron and 
manganese (6 to 8 mm) occur almost everywhere, in the sub soil 
at depth from 40 to 85 cm. Hard and pointed clacareous con-
cretions of 2 cm size are also found at the same depth. In 
some cases, a thick layer of kankar occurs below 1 meter depth, 
The pH of the clay loam is greater than 8.0 The percentage of 
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PLATE IV 
A f ie ld scene(Parsawan vil lage,Amethi) showing 
mud cracks due to drying of high clay soil. 
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sand, silt and clay ranges from 25 to 40, 25 to 45 and 27 to 
40 respectively. 
5.2 LIQUID LIMIT AND FLOW INDEX 
The physical state of soil can be characterised by 
a numerical values (constants) known as Atterberg limits after 
Atterberg (1911). The limit at which a liquid suspension pa-
sses from zero strength to a infinitesimal strength is called 
the true liquid limit of the sf)il. 
For the determination of liquid limit, a groove of 
a standard dimension is cut through soil sample. The groove 
is then closed by applying impact of blows in the liquid 
limit apparatus. The:number of blows required to close the 
goove at different water content are plotted on a graph 
(Fig.12). The water content (%) at 25 blows is taken as 
liquid limit of the soil. 
The flow index of water in soil is the difference 
of water content between 5 blows and 50 blows on the graph. 
The liquid limit and flow index of some soil sam-
ples of study area are given in table 10. 
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Table 10 j Liquid limit and flow index of the soils of Amethi, 
Soil types 
Sandy loam 
Loam 
Silt loam 
Clay loam 
Location 
Kakwa 
Nuwawan 
Darkha 
Benipur 
Liquid limit 
(%) 
21.55 
20.05 
26.62 
21.60 
Flow index 
{*) 
31.00 
13.62 
9.00 
3.31 
5.3 THE REH OR SALINE AND AKALI SOILS 
The salt affected soils, also reffered to as usar 
or reh, were placed under solonchak or solonetz in the gene-
tic system of soil classification in the U.S.G.R. the U.S.A. 
and India (Venkataramiah, 1941; Raychaudhari and Tirpathi, 
1953; and Raychaudhari and Sinha, 1957). Such soils v;ere 
subdivided into three distinct classes saline, sodic and 
saline-sodic (Richards, 1954), The equivalent local names 
for these soils was o Ivcn by Agaxrwal (1979), They arc tabula-
ted alongwith their salient features (Table 11). 
Table 11. Soil classes with (Mruivalent lorv.l r, r-rnc;-. 
Class EC pH ESP (Exchangeable Local namv. 
(mm hos/cm) sodium % 
Saline-soils >• 
Godic s o i l s <4 
Gril ino-sodic >4 
s o i l s 
< 8 , 5 <15? 
8.5-10.0 ;>15?i 
> 8 , 5 >151 
Khar,Thur,Uippu, 
Shora,Solu,PokhaJ i 
and Kari 
Usar, Bara, Ctiofjan, 
Rakkar and Kr\ i i 
Usar,Reh,Ksl^"!-', 
Ka l l a r , Karl , L.hoj)<in 
BAri,Jougu and 
Chaudu 
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The reh forms the saline efflorescence composed 
of a mixture of sodium carbonate, sulphate and chloride wi.Ih 
varying proportions of calcium and magnesium salts. They 
are accumulated on the surface of alluvial soils where 
drainage is poor. Such soils are unfit for cultivation. The 
main area where these soils are found are Sultanpur, Azamgarh, 
Allahabad, Rai Bareli, Fatehpur, Kanpur, Unnao, Lucknow, 
Hardoi, Farrukhabad, Mainpuri, Etawah, Etah and Aligarh 
districts of U.P. which form a belt from NW to SE (Map 1). 
A major part of the area of Amothi block, Sultan-
pur district (about 53% or 8000 hectares), is not suitable 
for agriculture due to salinity problem (Map 10). On the 
basis of salinity and alkalinity in soil, the 86 viliages 
of Amethi block have been grouped under (Appendix IE) four 
categories. 
1. Those entirely covered by reh soils. There are about 
28 villages, such as ;Naugavari, Balipur, Benipur, 
Parsawan (Platc-I) Kcmmathpur (Plato V) etc. 
2. Those having large roll c(w\T(-t] areas (25% to 95%). 
There are 30 villages sucli as K;»l.>-,i '-Ion. r.xu' , Teri, 
Dandupur, Janod] P.i.mnagar etc. 
3. Those that have some salinization (Joss than 25?> of 
the area) There are 16 village such as Ramdeypur, 
Jagi patti, Loniapur, Chaturbhujpur etc. 
Bh 
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PLATE V 
White'alkali'spots in a field under irrigation, 
near Ramnathpur village, Amethi- Upward capi-
llarity and evaporation have brought up-salt to 
the surface. 
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B 
Same in close-up view-
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4. Those that have no salini/ation in the loamy soils, 
There are 12 villages under this category. 
5.4 SOIL PROFILE 
'_ ProfiJJiuj of .s(3il horizons was carriedout near 
Parsawan village (Plate VI), a first category of village of 
Amethi ^c.f. chapter 5.3^. The soil is mostly fine-grained 
reh (or saline) with abundant calcium kankrirs in the sub 
soil. The on I ire profile shows toxtural uniformity. Their 
rraiii characteristics have been rocordod iri Mie profile 
(Table 12). I 
Table 12: Characteristics of soil horizons in profile, parsawan 
village (Amethi) ! 
Depth in cm 
(with hori-
zons ) 
Textural pH 
class 
EC 
in mhos/ 
General properties 
cm 
0-25.0 
(Al horizon) 
Clay loam 9.51 
25.0-46.5 Silty clay 9.15 
(A2 horizon) 
46.5-83.5 Silt loam 
(Bl horizon) 
83.5-120.0 Silty-clay 
(B2 horizon) 
120.0-160.0 Clay 
(C - horizorJ) 
8.72 
2.60 Brown colour, angular grains, 
sticky on wetting,hard on 
heating low permeability; iron 
and calcium nodules absent 
2.15 Yellowish brown colour, angular 
grains, sticky on wetting, hard 
on heating low permeability; iron 
and calcium nodulus absent 
2.25 Dark brown colour, angular 
grains,sticky on wetting;hard 
on heating;low permeability; 
fine granqsies of iron and 
manganese and calcium kankars 
also present. 
2.20 Grey brown colour,angular, 
grains;sticky on wetting;hard 
on drying;low permeability;iron 
and manganese nodulus upto 6mm 
size and calcium kankars upto 
2 cm size recorded. 
8.90 2.10 Grey colour,angular grains;sticky 
! Coa td.,. 
8.91 
PLATE VI 
B] 
B2 
97 
\ 
\ 
i 
Photograph of soil profile near 
Parsawan village,Amethi 
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on wetting; hard on drying; low 
permeability iron and manganese 
nodulus upto 7 mm size present. 
Calcium kankars upto 2.0 cm size 
recorded. 
5.5 FERTILITY STATUS OF THE SOILS OF AMETHI 
The fertility status of soil depends upon the nut-
rient index (percent of N, P and K in soil). The fertility, 
as well as, productivity of crops is very low in the salt-
affected soils. Amethi and surrounding areas are among the 
worst affected areas in this respect (c.f. 5.3, Map 10). 
The soils of the area were divided on the basis of 
nutrient index three divisions (Map 11, Table 13). The con-
tent of nitrogen in, generally, very low in the User (Reh) 
soils and sufficiently low even is culturabl*' lands. The 
available pl'.aspliorous is generally, very low ; and available 
potassium is moderate. The nutrients vary as in follov,'ing 
paragraphs. 
5.5.1 Nitrogen 
The availoblo n 11 "rjg.^.ii and organic matter decroa:if', 
wii'n increase in pH, salt content and depth (Lawra, 1973; 
Maliwal, 1975). Nitrogen is produced by microbes associated 
with higher plants. 
The nitrogen cycle is affected apart from drainage 
by use of nitrogenous fertilizers, canal in-lgation ew^C ruu:u-
mulation of salts. 
89 
Table 13: Fertility status (ie Nitrogen, Phosphorus and Potassium) 
of soils of Amethi block (1986) 
S.No. 
xon 
Topo sheet 
No 
Grid No. Hacro Nutrient index (N.l) % 
1. Tilokpur 63F/16 
2. Katra Maharain 63F/16 
3. Tala 63F/12 
4. Jangal Ramnagar 63F/16 
5. Parsawan 63F/16 
6. Benipur 63F/16 
7. Saidpur 63F/12 
8. Darkha 63F/12 
9. Nuwawan G3F/16 
10. Katra Raja 
Himmat Singh 63F/16 
Hathkila 63F/16 
Kakwa G3F/12 
Naraini 63F/12 
Garheri 63F/16 
Gangoli 63F/16 
Derh Pasar 63F/16 
Mohammadpur (W) 63F/12 
Mohammadpur (E) 63F/12 
Rehra G3F/16 
NX Range 
1.8 
1.8-2.6 
2.7-3.4 
3.5-4.2 
4.2 
S19 
T19 
R20 
S20 
T20 
U20 
Q21 
R21 
S21 
T21 
U21 
Q22 
R22 
S22 
T22 
U22 
Q2 3 
R23 
S23 
N 
1.7 
1.7 
1 .9 
1 .7 
1 .7 
1.7 
1 .9 
1.7 
2 . 0 
2 . 0 
1 .9 
1 .7 
1 .6 
2 . 0 
1 .9 
1 .9 
1.7 
1.7 
1 .6 
1 .6 
1.7 
1 .7 
1 .6 
1 .6 
1 .7 
1 .6 
1 .5 
1.7 
1 .7 
1 .6 
1 .9 
1 .5 
1 .7 
1.5 
1.7 
1 .7 
1.7 
1.4 
2 . 8 
2 . 9 
3 . 1 
3 . 0 
2 . 9 
3 . 0 
3 . 0 
3 . 2 
3 . 0 
3 . 1 
3 . 0 
3 . 1 
3 . 0 
3 . 0 
3 . 0 
2 . 8 
2 . 9 
2 . 9 
3 . 0 
Nutrient Level 
Very low 
Low 
Mod iuni 
(V.L.) 
(L) 
(M) 
Medium high (M.H, 
High i l l ) 
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AMETHI BLOCK, SULANPUR DISTRICT U-P. 
ei ISO' 
SCALE 
Km. 1.25 0 1.25 2.50 Km 
2_6 
26 
15' 
N 
a6_ 
OS' 
26 
lO' 
LEGEND NUTRIENT INDEX % 
N P K 
<1.8 <l.8 2.7-3.^ 
<l.8 1.8-2.6 2.7-3.^ 
( S I 1.8-2.6 <1.8 2.7-3.^ 
8HM5' 
MAP I I 
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5.5.2 Phosphorous x 
The soils have very low phosphorous. Phosphorous 
forms insoluble sats under alkaline conditions. But in acidic 
aoils it contains H_ PO. ions. 
2 4 
5.5.3 Potassium 
The available potassium is moderate in all types 
of soils of the area. In the presence of clay minerals, the 
potassium is fixed by the soil clay colloids. In i;ho nr<!-
ficnce of NaCl, potassium is released more which accounts for 
ready its availability. Dissolution of K-bearing minerals 
takes place when the pH is high. 
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CHAPTER ~ VI 
GEOCHEMISTRY OF SOILS OF AMETHI 
Ninteen samples of soil, collected from different 
localities, were analysed chemically to determine their 
geochemical characteristics. Most of the samples were col-
lected from areas with salt-affected soils. 
The pH and electrical conductivity (EC) of these 
were determined in the lab with the help of Lab Kit Model 
CT-105 (Table 14 A). The determinations were made immedia-
tely after the samples were collected. For chemical analy-
sis of various elements. Atomic Absorption Spectrophotometer 
and the Spectrophotometer were used (Chapter 3). The follo-
wing oxides and major elements were determined as .weight 
percent (Table 14 A): SiO_,Al_0_, Na, K, Ca, Fe and Mg. Some 
of the trace elements which were determined in ppm (Table 14 E) 
are Mn, Zn, Pb, Cr, Ba, Cu, Ni, Co, Rb, Li, and Cd. 
6.1 HYDROGEN ION CONCENTRATION (pH) AND ELECTRICAL 
CONDUCTIVITY (EC) 
The hydrogen ion concentration (pH) of equeous 
solutions in soil depend on soluble salt content. The pH 
of regulates the metal uptake in plants through soil solution. 
The pH values obtained for the soils of Amethi vary from 
7.50 to 9.83 (Table 14 A). The pH higher than 8.5 indicates 
a higher content of soluble salt while, a lower value of pH 
( <8.5) indicates moderate soluble salts. The pH at different 
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Table 14 A 
Results of chemical analysis of soils 
Amcthi Block (Sultanpur District) 
(pll, EC, Silica, Alumina and other Major elements) 
No. 
Topo G r i d pH EC SiO^ Al^O, Na K Ca Fe Mg 
Sample- c-i *- M 1 / 2 2 3 
' Shee t No. mnnh/ N o . cni 
1 W l o k p u r 631716 S19 8 .68 1.30 6^;.15 1 1 . 4 6 2 .12 1.46 1 .23 0 . 4 0 0 . 2 6 5 
2 . K a i r a m d h a r a n i 63F/16 T19 8 .95 0 ,37 49 .64 1 3 . 5 5 2 .18 2 .52 1.26 2 , 1 7 0 .29P 
3 T a l a 63F/12 R20 8 . 5 1 0 . 2 0 6 4 . 1 1 1 2 . 6 8 1.16 1.88 0 .7 6 1.15 0 .044 
4 Jangal Rar!>-
nagar &3F/16 S20 9.55 3.63 55.84 13.37 1.22 2.40 0,77 1.54 0.081 
5 Parsawan 63F/16 T20 9.51 2.60 52.74 13.56 1.39 1.16 1.07 1.70 O.llC 
6 Eenjpur 63F/16 U20 9.83 4.28 52.74 12.86 1.67 2.06 1.03 1.27 0.076 
7 Sait!i»ur 63F/12 Q21 7.60 3.50 57,91 13.56 1.48 1.88 0.78 0.62 0.050 
8 Darkr-a 63F/12 R21 8.60 0.60 63,08 13,91 1,40 2.00 0,93 1.32 0,065 
9. Nuwawan 63F/16 S21 8.30 0.34 49,63 11.81 0.89 1.47 0.89 0.89 0.075 
10 KATRA Raja-
himmat Singh 63F/16 T21 8.14 0.25 57.91 12,68 1.09 1,57 0.70 1.53 0.067 
U Hathkila 63F/16 U21 7.50 1,38 51.70 11,47 1,22 1,66 1.03 1.06 0,047 
12 Kakwa 63F/12 Q22 9.50 3.12 62.04 13.54 1.60 2.46 0.94 2.15 0.143 
13 Naraini 63F/12 R22 9.71 1.90 53.77 13.55 1,58 2,47 0.71 1.67 0.076 
14 Garhari 63F/16 S2.^  «.46 ^,42 59.98 12.16 1.48 2.41 0.72 1.87 0.098 
15 Gangoli 63F/16 T22 8.30 0.25 50.67 13.37 0.71 2.42 0,71 1.58 0,095 
16 Derh Pasar 63F/16 U22 7,75 0,85 52.34 11.73 1.38 1,86 1.05 1.13 0.056 
17 MohAMMADPURIW) 63F/12 Q23 8.30 3.06 63.26 12.72 1.45 2.31 0.84 1.88 0.050 
18 MOHAMMADPUR(E) 63F/12 R23 «.35 2.50 63.31 12.76 1.42 2.36 0.87 1.90 0.051 
19 Mehra 63F/16 S23 8.70 0.32 48.60 13,90 1,34 1.56 0.67 0.88 0.040 
'•^ ean X 8.64 1.73 56.55 12.87 1.30 1.99 0.89 1.41 0.094 
Stanciani 
n t>v ia t i on w- 0 .70 1.36 5 .68 0 . 8 1 0 .24 0 . 4 2 0 . 1 8 0 .49 0 . 0 7 1 
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localities are-Tilokpur (pH=8.68), Katra Maharani {pH=8.95), 
Jangal Ramnagar {pH=9.55) Benipur (pH=9.83), Katra Raja Himmat 
Sirtgh (pH=8.14), Hathkila (pH=7.5), etc. The higher pH can 
be attributed to poor drainage system and the lower pH to 
extensive leaching of soil (loam and sandy loam). 
The EC of soil water is related to its and varies 
from 0.20 to 4.28 mmhos/cm in Amethi area (Table 14 A). The 
values are 1.30 mmhos/cm at Tilokpur, 0.20 mmhos/cm at tala 
3.63 mmhos/cm at Jangal Ramnagar, 4.28 mmhos/cm at Benipur, 
etc. 
6.2 SILICA, ALUMINA AND MAJOR ELEMENT PISTRIBUTION 
SILICA (Si02) 
Silicon is capable to combine with oxygen to forn 
various mineral groups. The solubility of silica depends on 
the pH of soil solution. Ji^  is higher where pH is greater 
but gets precipitated if pH decreases, such as, due to addi-
tion of C02. 
The silica content in the soils of Amethi varies 
froni 48.60% to 65,15% (Table 14 A). The distribution pattern 
is given in the thematic map (Map 14) 
Alumina (A1^0_) 
i. J 
The aluinino-si licates go into solution during wea-
thering. Aluminum is soluble in acid as well as basic solu-
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tions. An idea of its distribution in the study area can be 
had from the thematic map (Map 15). 
Sodium (Wa) 
Some silicate minerals, on weathering, dissolve com-
letely and release sodium in the ionic solutions. The sodium 
content in soils of the study area range between 0.71% and 
1.67% with maximum concentration between 1.12% to 1.48% 
(Tflble 14 A). Their distribution pattern is given in thematic 
map (Map 16). 
Potassium (K) 
Potassium is released in ionic solutions during 
chemical weathering of silicate minerals. The range of pota-
ssium in the soils of the area is .between 1.16% and 2.5% 
(thematic map 17). 
Calcium (Ca) 
The Ca-boarinu minerals form clacium bicarbonate 
during chemical weathering. The salinity of surface soils 
increase with rise of CaCO^ in sub-surface soil water. 
The soils of AmeVni area has Ca content which ranges from 
0.67% to 1.26%. It is 0.67% at Dehra village and 1.26% at 
Katra Maliarani village (thematic innp 18). 
Iron (Fe) 
The iron content is related to oxygen content and 
pH value of the soil. It change to ferric oxide in the 
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presence of high oxygen content and high PH value ( >5). Iron 
precipitates as hydroxide in the presence of carbonates of the 
alkaline earth metals. The iron content varies in these soils 
from 0.40% to 2.17% (Table 14 A) 
Magnesium (Mg) 
Megnesium is the scarcest of elements in the evapora-
tes alongwith calcium and alkali metals. Hydroxide of magne-
sium precipitates at higher pH { >10). The range of magnesium 
in the soils of Amethi is between 0.04 to 0.3 percent (Table 14 A) 
6.3 TRACE ELEMENT COMPOSITION 
Manganese (Mn) 
Manganese^ (Mn ) is not extractable by dilute acids 
in the soils (Mukherjee, ejt al. , 1973), The soils of study 
area gave the Mn content between 56 ppm to 402 ppm with a 
maximum concentration between 186 ppm to 286 ppm (Table 14 B). 
Zinc (Zn) 
This heavy metal is susceptible to exchanye reac-
tions with clays. The zinc content in rnes.-> soils ranges 
from 648 ppm to 3018 ppm (Table 14 B). The finer textured 
soils coMl:ai.n rolatively more Zn than the sandy ones. 
Lead (Pb) 
Lead can be extracted more readily from its minerals 
during chemical weathering as lead carbonate. The soils of 
97 
Table 14 B 
Results of chemical analysis of soils 
Aroethi Block (Sultanpur District) 
(Trace elements) 
S. :Sample Location 
No.: 
1 Tilokpur 
2 Katra Maharani 
3 Tala 
4 Jangal Ramnagar 
5 Parsawan 
6 Benipur 
7 Saidpur 
8 Darkha 
9 Nuwawan 
: Ibpo : 
: Sheet: 
63F/16 
63F/16 
63F/12 
63F/16 
63F/16 
63F/16 
63F/12 
63F/12 
63F/16 
10 Katra Raja Himmatsingh63F/16 
11 Hathkila 
12 Kakwa 
13 Naraini 
14 Garheri 
15 Gangoli 
16 Derhpasar 
17 Mohammadpur(West) 
18 Mohammadpur(East) 
19 Dehra 
63F/16 
63F/12 
63F/12 
63F/16 
63F/16 
63F/16 
63F/12 
63F/12 
63F/16 
Grid; 
NO.: 
sl9 
tl9 
r20 
s20 
t20 
u20 
q21 
r21 
s21 
t21 
u21 
q22 
r22 
s22 
t22 
u22 
q23 
r23 
s23 
: Mn: Zn: Pb: Cr: Ba: Cu: Ni: C3o: 1*3: Li: Od 
: ppm: ppm: ppn: ppm: ppm: ppm: ppm: ppon: ppm: ppn: ppn 
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402 
186 
205 
266 
217 
56 
227 
78 
228 
203 
392 
221 
241 
250 
211 
286 
278 
166 
930 
3018 
854 
836 
822 
648 
690 
886 
874 
880 
720 
1054 
888 
990 
1200 
671 
954 
951 
810 
537 
117 
495 
533 
527 
474 
385 
498 
452 
469 
477 
532 
487 
535 
441 
475 
515 
513 
507 
463 
534 
526 
533 
628 
568 
556 
518 
516 
545 
523 
562 
538 
580 
699 
547 
546 
556 
613 
187 
378 
292 
326 
314 
234 
140 
320 
207 
280 
228 
311 
285 
314 
303 
231 
301 
302 
216 
120 
59 
37 
41 
47 
31 
32 
30 
52 
37 
23 
49 
42 
43 
43 
28 
47 
48 
62 
74 
64 
48 
64 
78 
67 
78 
58 
79 
83 
82 
80 
71 
71 
113 
69 
82 
81 
78 
59 
72 
63 
50 
66 
68 
62 
74 
50 
57 
63 
65 
63 
57 
29 
66 
63 
64 
66 
86 
135 
107 
118 
129 
121 
125 
115 
124 
119 
103 
142 
131 
126 
128 
117 
132 
129 
104 
13 
25 
17 
20 
23 
20 
20 
19 
24 
20 
17 
24 
21 
24 
21 
19 
23 
22 
19 
13 
12 
11 
11 
12 
11 
11 
11 
12 
11 
11 
12 
11 
12 
13 
11 
11 
11 
10 
Mean "X 
Standard Deviation 0 — 
220 983 472 555 272 46 75 61 121 21 11 
90 511 94 50 59 21 13 10 13 3 0.7 
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the area have Pb content from 117 ppm to 537 ppm (Table 14 B) 
Chromium (Cr) 
The chemical properties and the ionic configration 
of chromium is very similar to those of ferric iron and 
alumium. Therefore, during chemical weatheri.ny, only very 
little chromium goes into solution. These soils contain Cr 
from 463 ppm to 699 ppm (Table 14 B). 
Barium (Ba) 
The barium content of soils vary between 140 ppm 
to 378 ppm (Table 14 B). Barium is present in sinal] (TU'-i]i-
ties in feldspars as a substitute for K. 
Copper (Cu) 
Clays are known to absorb copper on their surfaces. 
Copper is released easily during weathering of copper-
bearing minerals. The soils of the study area contain Cu 
from 23 ppm to 120 ppm (Table 14 B). 
Nickel (Ni) 
Nickel forms a number of hydro-silicates during 
chemical weathering of ultra-basic rocks. Nickel in soils 
of the area ranges from 48 ppm to 113 ppm with maximum 
concentration between 64 ppm and 83 ppm. It, generally, 
accumulates in t!ie upper clayey horizons. 
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Cobalt (Co) 
Cobalt decreases the exchange capacity of soils and 
clays (Banerjee et al, 1953). In the soils of Amethi area, 
cobalt ranges between 20 ppm and 74 ppm with maximum fre-
quency between 50 ppm and 58 ppm (Table 14 B). Cobalt is 
fixed by humUs and absorbed by clays. 
Rubidium (Rb) 
The rubidium content of the soils vary from 86 ppm 
to 142 ppm, showing maximum frequency between 103 ppm and 
135 ppm (Table 14 B). This occurs in traces in microcline 
and micas subtituting for K. 
Lithium (Li) 
Lithium varies from 13 ppm to 25ppm (Table 14 B). 
It is derived from the breakdown of micaceous minerals. It 
accmulates mostly in the upper horizons. Traces of Li sub-
stitute for octahedral Al in feldspars and micas. 
Cadmium (Cd) 
Cadmium ranges between 10 ppm and 13 ppm. Its toxic-
ity to crops is well recognised. 
6.4 THEMATIC MAPS 
The thematic maps of chemical properties of soils 
of the area were preparcK"". vf.J.ncj HCL-workliorse-II system. 
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Thematic maps were prepared of pH, EC, SiO_, A1_0-, and of 
chemical elements Na, K, Ca, Fe, Mg, Mn, Zn, Pb, Cr, Ba, 
Cu, Co, Rb, Li and Cd. (Maps 12, 13, 14,15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and 31). The 
maps give a very clear spatial distribution of various 
components and their relationship to other factors like 
topography, drainage, soil types, etc. 
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MAP 12 
MAP SHOWING VARIATION OF pH IN SOILS 
AMETHI BLOCK (SULTANPUR DISTRICT) 
LATITODE= 26°04!00" - 26°13!45" N LONGIIUDE= 81°40!30" - Sl^SlMS" E 
Q R S T U 
19 
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MAP 13 
MAP SHOWING VARIATION OF ELECTRICAL CONDICTIVIIY IN SOILS 
AMETHI BLOCK (SULTANPUR DISTRICT) 
LATITUDE= 26°04100" - 26°13145" N L0NGI1UDB= 81°40130" - 81°51!45" E 
Q R U 
19 
20 
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MAP \k 
MAP SHCWING VARIATION OF SILICA IN SOILS 
;y^ lETHI BLOCK (SULTANPUR DISTRICT) 
LATI1UDE= 26°04!00" - 26°13!45" N LONGI'IUDE= 81°40!30" - 81°51!45" E 
Q R S T U 
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MAP 15 
MAP SHOWING VARIATION OF ALUMINA IN SOILS 
AMETHI BLOCK (SULTANPUR DISTRICT) 
LATITUDD= 26°04!00" - 26°13!45" N LONGITUDB= 81°40!30" - 81°51!45" E 
U 
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MAP 16 
•.MAP SHOWING VARIATION OF SODIUM IN SOILS 
AMETHI BLOCK (SULTANPUR DISTRICT) 
LATITUDE= 26°04!00" - 26°13145" N LC»IGI'rUDE= 81°40! 30" - 81°51!45" E 
Q R S T 
19 
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CHAPTER - VII 
SUMMARY AND CONCLUSION 
7.1 SUMMARY AND CONCLUSION 
The salinisation and alkalinization is a global 
phenomenon among the noi-mal (zonal) soils of arid regions. 
Amethi area is situated in the Ganga-Yamuna doab and is one 
of the worst-affected areas of the Indo-gangetic alluvial 
plain of Quarternary age. It forms a part of the Usar belt 
of U.P. The following interesting points emerge from the 
studies of the soils of Amethi area:-
There is a widespread development of usaf or reh 
as patches of irregular shape. The pataches extent through 
Tilokpur, Raradaypur, Jangal Ramnagar, Parsawan and other 
villages. 
The slope of the area is gentlo in Ihe direction of 
south-east. The drainage is {joorly developed and tiie Irriga-
tion is through a system of canals^ the Sharda Canal Sysfem. 
There is a extensive seepage through these canals into the 
surrounding land causing water-logging. The soils of the 
water logged areas developed whitish salt-crust. The water 
table is very shallow and quality of ground water is poor 
(saline). 
The soils in the area are mostly 1 (vitn (41.4S",), 
silt loam (28.00%) clay loam (25.21%) and sandy loam (5.34%). 
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There is a minimal leaching in the top-soil on account of 
an impermeable clay-kankar layer present in the sub soil. 
The soil profile often contains nodules of iron 
and manganese and kankars of carbonate minerals at various 
depths. They, generally, coincide with the shallow water-
table of the area. The carbonates (HCO^ and C0_) are 
precipitated and accumulated at the surface of the soil 
through saline efflorescence. The latter is composed of a 
mixture of carbonates of sodium and sulphate and chloride of 
calcium and magnesium. 
Many of the physical properties of the soils, 
like, swelling, shrinking, cohesion, and plastorod Irxik, are 
due to the presence of clay minerals (illitt^, vcrmiculite, 
kaolinite, etc> in them. The soils have low infiltration. 
The deficiency of plant nutrients (nitrogen, 
phosphorus & potassium) in the soils is because nitrogen-
fixing bacteria cannot service if soils have high pH and high 
sodium and salt content. 
There is a high concentration of elements, like, 
Ca, Mg, Sr, V, Fe, Mn, Zn, Co, Pb, Ni and Cd both in A and 
B horizons. The zones of kankar accumulal ion nuinrneath acts 
as a geochemical barritM- (alk.tlin.; iyn,-,) ; i lu; migration of 
these elements. Thus, concentral:ion of these elements in 
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A and B horizons can be explained. 
7.2 RE-COMMENDATIONS FOR IMPROVEMENT OF USAR LAND OF AMETHI 
The saline-alkaline (Usar) soils can be improved by 
the following methods:-
.1. Physical 
2. Chemical 
3. Biological 
7.2.1 Physical methods 
a) Leaching through irrigation :- If canal irrigation is rn;>-
lac;c>d Ivy tube-well irrigation, it will help lower the water 
table. Also, water with high salt content shoudd not be used. 
Inner sides of canals should be linned and cemented to control 
seepage .problem. 
For improvement of infiltration of the soils, deep 
ploughing, sub-soiling, sand filling and profile inversion 
should be undertaken. The sub-soil hard kankar and clay pans 
can be broken by using chisels drawn by powerful tractors. The 
sanding will improve water and air permeability allowing solu-
ble salts to be washed down to the root zone. 
b) Drainage development : Deep drains (nalas) can be excavated to 
join with the main nalas or river after giving due considera-
tion to topography, stratigrapliy and liydrogeology of the area. 
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Through these, excess water and salts will be drained out. 
Levelling of the fields and reduction in size of agricultural 
plots would reduce excess water in cultivated areas. 
7.2.2 Chemical methods 
Reclamation of highly alkaline soils are resorted to 
by allowing gypsum, limestone and sulphuric acid. Exchangeable 
sodium is replaced by calcium of gypsum. Sulphuric acid treat-
ment is effective when sodic soils also contain lime. The 
chemical reactions involved are as follows:-
1. Gypsum 
2Na X + CaS0,.2H_0 CaX + Na_,SO. 
4 2 2 4 
2. Limestone 
2HX + 2CaC0 —> Ca(HCO) + CaX 
2NaX+ Ca(}iCO^)^ •> 2NaHC02 + CaX 
3. Sulphuric acid 
(A) CaCO,, + H^SO. — > CaSO. + H^O + CO-
3 2 4 4 2 2 
(B) 2CaC0,+ H^SO, — > CaSO, + Ca(HCO,)^ 
4. Sulphur )from Pyrite) 
2FeS^ + H_0 + 70- • 2H_S0, + 2FeS0. 
2 2 2 2 4 4 
FeSO^ + 2U^} ' >. H^SO^ + FeCOH)^ 
For the reclamation of the affected soils of Amethi 
appropariate amounts of pyrite and gypsum can be used depen-
ding on the texturf! and pH of soils (Appendix II). 
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7.2.3 Biological methods 
Organic and cattle manuring is superior to the chemical 
methods. They contain NPK and decomposition of organic matter 
improves soil permeability. Addition of molasses from sugar 
factories (12.5 tonnes of molasses plus 12.5 tonnes of press 
mud per hectare) is recommended for highly alkaline soils 
(Dhar, 1938). 
In green manuring method, dhaincha (sesbania) and dub 
grass (Cynoden dactylon) are planted prior to cultivation. 
Planting of eucalyptus hybrids in shallow water-table areas 
will ri1:;o iioln reduce pH and lower ground water-table. Leguminous 
plants, mulberry and blue green algae also help in the grnwtji of 
iii I" r"()(j-'.i ri>;"'.iHj bac1.;Ti,is i.a tlie soil. 
Fish-farming can be taken up profitably in permanently 
water-logged areas. 
7.3 ECONOMIC EXPLOITATION OF REH 
Reh can be gainfully utilized in the manufacture of 
sodium sulphate and sodium carbonate-suitable for making paper 
pulp, synthetic detergent powder (soap), heavy chemicals, 
ceramics, glass, textile, etc. From socio-economic point of 
view, the extraction of sodium sulphate and sodium carbonate 
may weigh much heavier than the agricultural .produce. 
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In developmental areas, reh or usar land can be used 
for setting up industries, colonies, schools, play grounds 
and other civic amenities instead of using them for cultiva-
tion. 
Brick industries should preferrably be located in 
usar areas. The trenches dug out after removing earth may 
subsequently be used in fish-farming. 
Clay loam in which reh is generally developed, can 
also be used for making earthen wares. 
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Appendix IB 
Village-wise distribution of Soil Types of 
Amethi Block, Sultanpur District 
(Data rrr)!)i Soil Survey Unit, Sarda Sahayak Sultanpur, 1986) 
s. 
No. 
1 
Village Name 
2 
Total Area Under Textural 
Geog. (Hectares) 
,»^^f .Sandy Loam Silt (Hectares )j^^^^ Loam 
3 4 5 6 
Class 
Clay 
Loam 
7 
Usar % of 
land Usar land 
(Hect)to the 
total area 
8 9 
1 Naugawan 123.20 
2 Bhanpur 8 6.40 
3 *Ramdeypur 108.00 
I Tilopur 166.80 
5 Teri 136.60 
6 Bhopatpur 87.60 
7 Katra Maharani 135.60 
8 Lokipur 53.00 
9 Matiyar Baghaura 47.60 
10 Dandupur 132.40 
11 Saraikhema 546.00 
12 Jangal Ramnagar 1214.00 
13 Ramnagar Mafi 77.60 
14 Mehmudpur 228.80 
15 MARFAPUR 38.89 
1^6 Balipur 34.80 
17 Benipur 133.40 
18 Parsawan 300.40 
19 Ramnathpur 24.00 
20 Sarai Rajshah 67.60 
21 Parsauli 187.20 
22 Katra Phulkuwar 179.20 
23 Jagi Patti 116.00 
24 Hathkila 214.40 
25 Baghaura 86.00 
26 Jamal patti 105.20 
27 Derh pasar 310.00 
28 Jairampur 106.40 
123.20 123.20 100.00 
86.40 
88.00 
109.80 
76.60 
87.60 
20.60 
29.00 
26.60 
40.40 
24.00 
529.00 
-
-
-
-
-
-
-
-
-
67.20 
-
142.40 
-
-
190.00 
51.40 
-
20.00 
12.00 
36.00 
-
65.00 
24.00 
21.00 
92.00 
-
60.00 
-
31.00 
-
-
20.00 
215.00 
24.00 
24.00 
187.20 
112.00 
93.00 
72.00 
86.00 
105.20 
120.00 
55.00 ' 
-
-
45.00 
51.00 
-
50.00 
-
-
-
522.00 
625.00 
77.60 
197.80 
38.80 
34.80 
113.60 
85.40 
-
43.60 
V."" 
-
23.00 
-
-
-
-
-
-
20.0 
57.00 
87.00 
-
115.00 
24.00 
21.00 
92.00 
522.00 
685.00 
77.0 
228.80 
38.80 
34.80 
133.60 
300.40 
24.00 
67.60 
187.20 
112.00 
23.00 
72.00 
86.00 
105.20 
120.00 
55.00 
-
18.52 
34.17 
53.18 
-
84.80 
45.28 
44.12 
69.45 
95.60 
56.42 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
- 100.00 
62.50 
19.82 
33.58 
100.00 
100.00 
38.70 
51.69 
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1 2 
29 Mahason 
30 Gyanchandpur 
31 Rebha 
32 Manipur Radhau 
33 Mandhar patti 
34 *Kherauna 
35 Sarwanpur 
36 Chakkapur 
37 Ramdevpur 
38 Berahimpur 
39 KatraRajaHimmat 
Singh 
40 Raipur phulwari 
41 Loniyapur 
42 Bharthipur 
43 Bariyapur 
4 4 MANGALPUR 
45 *Kordri Girdhar 
Shah 
46 Ghaghoghar 
47 Pithipur 
48 Sultanpur 
49 Chaturbhujpur 
50 Jhoonei 
51 Sarai Heormati 
52 Mochwa 
53 Nuwawan 
54 Katra hulosi 
55 Umapur Ganapatti 
56 Haripur 
57 Kushitali 
58 Jangal Tikri 
59 Bhaganpur 
60 *Tala 
3 
86.40 
59.60 
98.80 
58.40 
22.40 
167.60 
123.40 
59.20 
127.60 
71.80 
80.60 
284.70 
108.80 
39.20 
215.20 
63.20 
378.40 
133.20 
142.80 
116.80 
123.60 
43.60 
98.80 
164.00 
451.60 
56.80 
268.00 
50.40 
136.00 
71.20 
155.60 
189.20 
4 5 
- -
-
50.00 
-
22.40 
94.60 
75.10 
59.20 
-
71.80 
80.60 
284.70 
84.80 
-
- -
-
45.00 147.00 
77.20 25.00 
100.00 
93.80 
100.60 
26.60 
46.80 
-
363.60 
-
68.00 
12.40 
136.00 
56.20 
97.60 
55.00 
6 
63.40 
59.60 
48.80 
58.40 
-
73.00 
48.30 
-
127.60 
-
-
-
-
-
15.20 
30.00 
100.00 
31.00 
42.80 
23.00 
23.00 
17.00 
52.00 
164.00 
35.00 
56.80 
200.00 
38.00 
-
15.00 
58.00 
134.20 
7 
23.00 
-
-
-
-
-
-
-
-
-
-
-
24.00 
39.20 
200.00 
33.20 
86.40 
-
-
-
-
-
-
-
5 3.00 
-
-
-
-
-
-
« 
8 
86.40 
59.60 
48.80 
58.40 
-
73.00 
48.30 
-
127.60 
-
-
-
24.00 
39.20 
215.20 
63.20 
186.40 
31.00 
42.80 
23.00 
23.00 
17.00 
52.00 
164.00 
88.00 
56.80 
200.00 
38.00 
-
15.00 
58.00 
134.20 
9 
100.00 
100.00 
49.39 
100.00 
- • 
4-3.55 
39.14 
-
100.00 
-
-
-
22.06 
100.00 
100.00 
100.00 
49.26 
23.27 
29.97 
19.69 
18.61 
38.99 
52.63 
100.00 
19.48 
100.00 
74.62 
75.39 
-
21.06 
37.27 
70.93 
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61 Loharta 51.20 
62 Sonpur Mankanth 80.00 
63 Ahirawal 68.00 
64 Sundarpur 106.40 
65 Darkha 274.40 
2 8 . 0 0 2 3 . 2 0 
8 0 . 0 0 
6 8 . 0 0 
8 1 . 4 0 2 5 . 0 0 
2 7 4 . 4 0 
8 9 
2 3 . 2 0 4 5 . 3 1 
8 0 . 0 0 1 0 0 . 0 0 
6 8 . 0 0 IdlO.OO 
2 5 . 0 0 
2 7 4 . 4 0 1 0 0 . 0 0 
66 Aghar 
67 Maharajpur 
68 Biasia 
69 Saidpur 
70.KAKWA 
71 Dilshahpur 
72 Kohra 
73 Moharmnadpur 
74 Saraiya Duban 
75 *Naraini 
76 Purabgac)!, 
212.00 
165.20 
199.20 
103.60 
363.60 
81.20 
45.00 
9 5 . 0 0 
2 0 . 0 0 
567.20 125.00 
441.20 396.20 
296.40 
577.20 
212.00 - - - -
145.20 - 20.00 20.00 12.10 
89.20 - 65.00 65.00 32.63 
83.60 - 20.00 20.00 19.30 
218.60 - 50.00 50.00 13.75 
61.20 - - - -
342.20 100.00 - 100.00 17.63 
45.00 - 45.00 10.20 
221.40 - 45.00 45.00 15.18 
32.20 - 545.00 545.00 94.4.7 
95.40 - 45.00 45.00 32.05 
77 Narbha 184.40 
78 Bartali 93.60 
79 Rajapur Kohra 152.00 
SO.Kundwa Mohammadpur 66.00 
81 Dehra 229.00 
82 *Ramgarh 686.80 
83.Garheri 272,00 
84 Gangauli 376.00 
85 Bhusehri 232.80 
86 Himmatgarh 195.20 
184.40 
22.00 
152.00 
66.00 
474,80 
127,00 
241.00 
80.20 
229,20 
90.00 
142.80 
71.60 
55.00 
135.00 
90.00 
115.00 
76.60 
229.20 
212.00 212,00 
145,00 
135,00 
232.80 
11'). no 
76.50 
100.00 
30.87 
53,31 
35,90 
100.00 
i;i • . 0 0 
Total Arod jn 
Hectares 15047,60 803.40 6238.20 4212.60 3793.40 7903.00 52.52 
Total area % 100 5.34 41.45 28.00 25.21 52.52 
*Niay PanchaydL 
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Appendix II 
Chemicals and their ratios for reclaiming Usar 
soils (tonnes/hectare) 
PH 
8.6 
8.7 
8.8 
8.9 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
10.1 
10.2 
Coarse 
Pyrite 
(22%S) 
-
-
-
0.42 
1.20 
1.70 
2.55 
3.20 
3.60 
4.25 
4.90 
5.53 
6.16 
6.80 
7.23 
7.65 
8.07 
textured soil Medium textured 
soil 
Gypsum 
-
-
-
0.49 
1.41 
2.00 
3.00 
3.77 
4.24 
5.00 
5.75 
6.50 
7.25 
8.00 
8.50 
9.00 
9.50 
Pyrite 
(22%S) 
-
-
0.42 
1.53 
2.55 
3.40 
4.43 
5.10 
5.9S 
6.80 
7.65 
8.50 
9.35 
10.20 
11.05 
11.50 
12.00 
Gypsum 
-
-
0.49 
1.80 
3.00 
4.00 
5.20 
6.00 
7.04 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
13.53 
14.12 
Fine 
Pyrite 
(22%S) 
0.42 
0.85 
2.13 
3.40 
4.68 
5.53 
6.63 
7.65 
8.60 
9.35 
10.25 
11.56 
11.78 
12.00 
12.75 
13.25 
14.00 
textured 
soil 
Gypsum 
0.49 
1.00 
2.57 
4.00 
5.50 
6.50 
7.80 
9.00 
10.12 
11.00 
12.06 
13.60 
13.86 
14.12 
15.00 
15.60 
16.47 
Adopted from: Reclaiming Alkali Soils. Central Soil f^ ri'iin^ iy 
P..-.;earch Institute, Karnal, ICAR EulJetin No.2(1973) 
(Note: The above pyrite values need to be multiplied by 1,47 and 
0.734 for pyrite having 15% r.uljihur and 30-,'; sulphur, respoc Lively) 
